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ABSTRACT
Pushing, pulling, lifting and carrying items are performed routinely in many
trades within a military environment, contributing to 41% of all manual handling
tasks (Jones et al., 2000; Sharp et al., 2009). These strength‐related tasks place
significant physical demands upon the soldier (Sharp et al., 1993). However,
unlike other occupations, these task demands cannot be re‐engineered or
reduced. In order to adequately meet this diverse range of task demands, soldiers
must have sufficient physical capacity ( S h a r p e t a l . , , 2 0 0 9 ) . Currently, the
ARMY undertake 36% of training time in endurance running, swimming and pack
marching and 18% of training time performing non‐specific resistance circuit
training within the 80‐day, 12‐week Basic Military Training regimen (Orme, 2005).

The distribution of time dedicated to strength training does not match the
significant strength daily trade demands (Hendrickson et al.,, 2010). T h e actual
transfer of adaptations following Basic Military Training regimen to improve
occupational performance is currently unknown. Therefore, the aim of this
investigation was to observe the effect of a modified version of the Basic
Military Training Program on occupational performance (maximal box lift,
maximal pack lift and repetitive lift), generic strength assessments (6RM squat,
1RM bench press, isometric and isokinetic knee extension/flexion, grip strength),
aerobic power (VO2peak), agility (Illinois agility course), power (vertical jump) and
ix

current military assessments of physical capacity (2.4 km run, push ups and
sit ups) in comparison to an experimental training regimen.

Forty Six (33F;13M) universityviistudents were randomised into two training
regimen; military training (MT) and experimental training (ET). Three t r a i n i n g
sessions were performed for an 8‐week period. There were marked volume (time)
differences in endurance between MT and ET (75% versus 15%) and strength (25%
versus 85%) components of training, but with three sessions of one hour
performed per week, total training time was matched.

Following the training intervention, no significant
.
interaction was observed for
occupational performance, however there was a significant interaction observed
for

6RM

squat

performance

(P=

0.0001).

Interestingly,

despite

an

87%

difference in endurance volume (training time), there was no significant
interaction observed for 2.4 km endurance run time, regardless of VO2peak.
The results obtained from this investigation reveal the effectiveness of high
intensity training conducted within a concurrent setting .

The ET regimen

performed 12 minutes or 87% less endurance training, however there was no
change

observed

in

2.4

endurance training t i m e

km

endurance

run performance. E T

total

accumulated to 2.5 minutes per week of high

intensity training, in comparison to 90 minutes per week of endurance

x

continuous running and pack marching training for the MT group. This difference
in endurance training time was devoted to non‐linear resistance training, aiming at
improving occupational performance.

This is the first study, to our knowledge, that reduced e n d u r a n c e training
volume (time) by such a dramatic amount,

however the total training time

remained matched. In fact, 2.4 km endurance run performance was not altered.
Therefore, within a military environment, high intensity endurance training seems
a time efficient strategy for training the endurance physical capacity system, when
performing resistance training concurrently.
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CHAPTER ONE: INTRODUCTION
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1.0 INTRODUCTION
Manual handling, in the form of pushing, pulling, lifting and carrying items, are
activities performed routinely within the military environment, contributing to 41% of
all manual handling tasks performed. These tasks can be performed multiple times
per day, under a variety of work durations, heights and loads, placing a unique
range of physical demands upon the soldier (Sharp et al., 1993). Many of these
manual handling tasks require objects to be moved in excess of 50% of the mass of
the average soldier and thus requires significant muscular strength in order to
successfully complete the task (Sharp et al., 2009). Muscular strength defined as
the application of sufficient force to move an object in a single repetition is an
attribute that contributes to the ability or capacity of a person to perform physical
work.

Physical capacity is a multidimensional term, encompassing physical attributes such as
anthropometry, muscular strength, muscular endurance, flexibility, occupational
lifting and aerobic power that collectively determine one’s intrinsic physical capacity
to perform work (Sharp et al., 2009; Whaley et al., 2000). For example, a soldier within
an electrical trade may be required to lift a 30 kg coil of tubing off the back of a vehicle
from a 1.5 m height (attribute: strength), uncoil the tubing on the ground in a sustained
squatting position (attribute: muscular endurance and flexibility), and periodically
Page 2

walk to the point of interest, dragging and carrying the tubing (attribute: aerobic
power). Tasks such as these require multiple physical attributes that in combination
contribute to the capacity of an individual to perform work. The influence of each of
these attributes on the ability to perform work have been investigated within a
sporting (Kraemer et al., 2003; Lunn et al., 2009; Marx et al., 2001; McCall et al., 1996;
Stone et al., 2003; Wong & Chamari, 2010; Wong et al., 2010b; Yamamoto et al., 2008),
occupational (Gagnon, 2003; Genaidy, 1991; Genaidy et al., 1994; Peterson et al., 2008;
Sharp et al., 1993) and military context (Brock & Legg, 1997; Harman et al., 1997;
Harman et al., 2008a; Jones & Knapik, 1999; Knapik & Gerber, 1996; Knapik et al., 2006;

Kraemer et al., 2001; Rosendal et al., 2003; Santtila et al., 2008; Sharp et al., 2002;
Williams et al., 2002).

Physical capacity in the work place is determined by the interaction of physical
capacity and task demand. When, the physical demands required of an occupational
task exceed an individual’s physical capacity, the task cannot be performed
successfully. In such a case, a gap therefore exists between the physical demand of the
task and the capacity of the individual. Under these circumstances, it has been
observed the rate of musculoskeletal injury is 10% larger in a manual handling
environment (Chaffin, 1987; Hendrickson et al., 2010; Sharp et al., 2009). The risk of
Page 3

injury can however be reduced if the task is modified (re-engineered) to decrease the
physical demand (Chaffin, 1987). However, within a military setting, many physical
tasks are critical for mission success and cannot be modified to reduce the physical
demand (Harman et al., 2008b; Sharp et al., 2009; Sherrard et al., 2004). Thus, in order to
adequately meet these relatively fixed task demands, the military services must ensure
sufficient physical capacity is developed and maintained within personnel to meet
requirements of the task (Sharp et al., 2009). This thesis will examine strategies to
develop physical capacity considering military constraints and task demands. Prior to
establishing a training regimen, it is critical to first determine the primary physical
demands of routine and essential military tasks.

Methods such as video analysis and direct observation can be successfully used to
quantify occupational task demands (Payne & Harvey, 2010). This is an imperative
step within this thesis, prior to the prescription of an exercise program, as occupational
demands across the military are varied and unique. This process will identify the
common muscles used, the range of motion which they perform in, the duration of
tasks, heights of lifts and mass of objects within lifting tasks; all factors that need to be
considered prior to implementation of a training program (ACSM, 2000; Constable &
Palmer, 2000; Payne & Harvey, 2010). Indeed using such an approach permits the
Page 4

development of valid and reliable measures and standards of physical work

performance (Gledhill & Jamnik, 1992a, 1992b; Gumieniak et al., 2011; Ham et al., 2010;
Payne & Harvey, 2010). Within the military environment it has been identified that
physical attributes such as muscular strength, muscular endurance and aerobic power
are required in order to meet requisite task demands (Harman et al., 1997; Harman et
al., 1996; Kraemer et al., 2001; Sharp et al., 2009; Williams et al., 2002).

Training of physical capacity within the military is focused on whole‐body general
conditioning (Fogarty, 2009; Orme, 2005). For example, 36% of all training within the
Australian ARMY Basic Military Training regimen currently includes endurance
running, swimming and pack marching and 18% of the 12‐week, 80‐day training
program includes non‐specific resistance circuit training. The remaining 46% of the
sessions involve assessments of physical capacity to track the rate of adaptation and a
mixture of rope climbing and information sessions (Hendrickson et al., 2010; Orme,

2005). It is interesting that endurance exercise forms the main component of military
training when personnel are required to perform demanding strength manual handling
tasks daily within their occupations, which in some instances are up to 50% of relative
mass of the soldier (Hendrickson et al., 2010; Sharp et al., 2009). This suggests a potential
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mismatch between the physical attributes required for military service and those being
developed with Basic Military Training regimen (Santtila et al., 2008; Santtilla et al., 2010;
Williams et al., 1999, 2002). Although improving general fitness of the new recruits is
important, focus should also be on the implementation of specific training methods to
improve occupational fitness, such as manual handling, which could reduce future injury
rates. Currently, the transfer of physical capacity from the current Australian Basic
Military Training to occupational and military specific tasks within the Australian ARMY
activities is unknown.
Previous military general training regimens have observed muscular strength (squat

and bench press) and aerobic (endurance run performance and VO2peak) adaptation

following training interventions of 6‐24 weeks in duration (Brock & Legg, 1997; Knapik

& Sharp, 1998; Kraemer et al., 2001). However, when occupational specific performance

was considered (e.g. maximum box lift) 10‐weeks of Basic Military Training did not

induce significant improvements (Williams et al., 1999). Such observations confirm the

general nature of Basic Military Training. Williams et al., (1999) for example, reported

maximal box lift performance to increase by only 2% following a 10‐week Basic

Military Training regimen. However improvements increased to 8‐12% with the
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addition of progressive resistance training to the Basic Military Training regimen.

While these results are impressive, the addition of supplemental or additional training

volume is of limited utility within a military setting where training time cannot be

varied. Yet, the provision of additional training sessions or failure to match total

training time or volume is a common approach within the literature (Bell et al., 2000;

Harman et al., 1997; Harman et al., 1996; Hendrickson et al., 2010; Knapik, 1996, 1997;

Kraemer et al., 2004; Williams et al., 2002). The training intervention developed and

employed within this thesis therefore aimed to match total training time between

military and experimental training regimens.

Marked gains in muscular strength are associated with functional replication of
occupationally relevant movements (Genaidy et al., 1994; Genaidy et al., 1990; Knapik &
Sharp, 1998; Legg & Myles, 1981; Legg & Pateman, 1984). For example, symmetrical
box lift training significantly improved task specific box lift performance by 26‐99%
(Knapik & Sharp, 1998), in comparison to general training programs where maximum
box lift increased by 2% following a 10‐week training intervention (Sharp et al., 2009;
Williams et al., 1999). Although occupational performance has been shown to increase
significantly, such methods of task specific training have been attributed primarily to
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neural adaptations (Alexander et al., 2001; Genaidy et al., 1994; Knapik & Sharp, 1998;
Sale, 1988).

Task specific training is commonly performed by the military for

successful passing of Basic Fitness Assessment, which is performed biannually and
includes push ups, sit ups and 2.4 km endurance run (Fogarty, 2009). Within the
current Basic Military Training, task replication of the push up and sit up is performed
within a circuit training session. (Orme, 2005). However, the marked improvement in

force production following this type of training is highly specific to the task trained,
and not entirely transferrable to other tasks (Thorstensson et al., 1976). Given the wide
range of tasks undertaken by military personnel it is likely that a physical training
regimen that focused on replicating physical assessments protocols will not be entirely
effective in developing military specific physical capacity. For example, the Basic
Fitness Assessment is known to correlate poorly with a casualty drag task, which is a
critical activity on the battlefield (Harman et al., 2008b). Thus, the training intervention
developed and employed within this thesis aimed to limit the replication of
occupational physical assessment tasks within the experimental training regimen.

Specificity, intensity, frequency, duration and rest are the primary variables manipulated
during a physical training regimen (ACSM, 2000). Manipulation of these variables can
positively or negatively influence the rate of adaptations following a training
Page 8

intervention (Campos et al., 2002; Costill et al., 1991; Fiskerstand & Seiler, 2004; Harman
et al., 1996; Kraemer et al., 2001). One method of altering these variables is via
conducting non-linear periodisation. Non‐linear periodisation alters intensity daily or
weekly, targeting multiple neuromuscular components and physical capacity attributes
within the one cycle (Kraemer, 2002; Kraemer & Ratamess, 2004). For example,
completing three resistance training sessions per week of 25RM, 12RM fast repetitions
and 3RM slow repetitions.

Manipulation of such intensity has been shown to be beneficial to enhance the rate of
adaptation of 6RM squat adaptation by 48% following non‐linear resistance training
(Hoffman & Kang, 2003; Kraemer et al., 2001) and in an endurance training program via
high intensity exercise (Burgomaster et al., 2008; Burgomaster et al., 2005; Duffield et al.,
2006; Esfarjani & Laursen, 2007; Little et al., 2010; Tanisho & Hirakawa, 2009). High
intensity exercise involves repeated and brief bouts of ‘all out exercise’, interspersed
with sufficient rest periods. These bouts of exercise can range from a couple of seconds
up to a couple of minutes, with this form of exercise performed at an intensity close to
that which elicits 80-90% VO2peak (Gibala and Mcgee, 2008).
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Cycling endurance time h a s b e e n s h o w n t o improve by 81‐169% following six
sessions of “all out” high intensity sprint training performed over a 2‐week period
(Burgomaster

et

al.,

2005).

Furthermore,

high

intensity

(velocity)

training

performed three days per week (volume: 1.5 hours) has been shown to result in a
similar mitochondrial marker increase (carbohydrate and lipid oxidisation) in
comparison to continuous endurance training performed five days per week
(Burgomaster et al., 2008).

Previous high intensity (velocity) training studies have been performed in a laboratory‐
based environment on a cycle ergometer (Burgomaster et al., 2008; Burgomaster et al.,
2005; Duffield et al., 2006; Gibala et al., 2006; Kendall et al., 2009; Little et al., 2010;
Rakobowchuk et al., 2008; Talanian et al., 2007), which is not cost effective or feasible in
the military setting. Furthermore, high intensity training stimuli is difficult to maintain
within an elite athlete training setting (Duffield et al., 2006; Esfarjani & Laursen, 2007;
Gibala & McGee, 2008) therefore the general population may find it difficult to
maintain such a high training stimulus. To date, there is only one investigation that has
performed high intensity training on a treadmill (Esfarjani & Laursen, 2007). There has
been limited research investigating the effects of high intensity interval running
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concurrently with resistance exercise. Therefore, the experimental training group
within this thesis utilised this relatively novel form of concurrent training
methodology.

Rate of adaptation may also be positively (Hakkinen et al., 2003; Hendrickson et al.,

2010; Hickson et al., 1980; MCarthy et al., 1995; McCarthy et al., 2002) or negatively

(Dudley & Djamil, 1985; Kraemer et al., 1995; Rønnestad et al., 2012; Williams et al.,

1999) influenced following a concurrent training regimen where endurance and

resistance training are performed in parallel. The traditional method of military

training involves concurrent training, where often endurance and resistance training

are performed on the same day (Harman et al., 2008a; Williams et al., 1999). Following a

10‐week endurance based United Kingdom ARMY Basic Military Training regimen,

maximal box lift was shown to improve by 2% in comparison to a 6% performance

increase in VO2max (Williams et al., 1999). It is therefore apparent that the improvements

observed from this investigation are specific to the training regimen employed, where

training was focused upon endurance‐related improvements in performance. Similarly,

following a 12‐week training intervention on endurance trained athletes, concurrent
Page 11

training resulted in a reduced squat jump adaptation rate (6.2%) in comparison to the

strength only training regimen (13%). The training volume (time) between these
interventions was not matched, which is unfortunately a common practice amongst
concurrent training regimens currently within the literature. The concurrent regimen
usually performs double the training volume (time) of the singular endurance
and strength regimens (Hickson et al., 1988; McCarthy et al., 2002; Rønnestad et al.,
2012). In fact the only study to standardise total training volume (time) between the
training interventions, reported an improvement in 5 km endurance run time (3.4%)
following replacing 32% of endurance training volume (time) with explosive resistance
training (Paavolainen et al., 1999).

Therefore, this thesis sought to undertake an investigation to examine the effectiveness
of a modified basic military (endurance and resistance) training ( M T) compared to an
experimental training regimen ( E T ) that incorporated high‐intensity velocity training
and resistance training whilst standardising total training time. The effectiveness of
each training regimen was assessed by current military standard (Basic Fitness
Assessment), occupational specific and laboratory‐based physical assessments.
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1.1 Aim of the study

The aims of the present investigation was to:



Identify the effect of a modified version of the Basic Military Training
( M T ) and experimental training regimen (ET) on physical capacity.



To determine the effect of concurrent strength and high intensity endurance
training on occupational performance.

1.2 Null Hypotheses
It was hypothesised that:



A modified Basic Military Training program ( M T ) will have no effect
on lifting capacity assessments or generalised physical capacity over an 8‐
week period.



An

experimental

training

( E T ) program

will

have

no

effect

on

lifting capacity assessments or generalised physical capacity over an 8‐week
period.



Adaptation rates will not differ between an 8‐week modified Basic
Military Training program (MT) or experimental training program (ET) in
relation to occupational lifting performance or generalised physical capacity.

Page 13

CHAPTER TWO: REVIEW OF RELATED LITERATURE
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2.0 REVIEW OF RELATED LITERATURE
2.1 Physically demanding occupations

Physically demanding occupations are defined as jobs with a high risk of injury, are
hazardous, involve large, awkward or heavy equipment conducted often within a
physically challenging work environment (Sharp et al., 2009). The military and the
fire brigade can be viewed as physically demanding occupations (Constable & Palmer,
2000; Gledhill & Jamnik, 1992a; Sharp et al., 2009), associated with a significant rate
of job‐related injuries (Jones et al., 1993; Jones & Knapik, 1999; Jones et al., 2000; Knapik
et al., 2007; Pelham et al., 2008; Rosendal et al., 2003; Rudski, 1999).

Musculoskeletal strains are the most common form of work‐related injuries,
accounting for 30% of total injuries, with 27% of these sustained during manual
handling or lifting, pushing or pulling of an object (Pink, 2009‐2010). Almost 56% of
individuals who had sustained such an injury took time off work, with 61% of these
individuals receiving financial assistance, accumulating to an alarming $9.5 billion per
year within Australia (Carrivick et al., 2001). Physically demanding occupations such as
the military and fire brigade routinely perform manual handling tasks (Sharp et al.,
2009) and previous literature has acknowledged the financial burden of injuries within
this environment (Knapik et al., 2007) and the impact of these injuries on productivity
(Rudski, 1999).
Page 15

Manual handling injuries (strains and sprains) have been attributed to poor physical
conditioning, incorrect training regimens and poor manual handling technique
(Kaufman et al., 2000; Sharp et al., 2009; Williams et al., 1999, 2002). To reduce the
financial burden, both the fire brigade and the military have expressed an appreciation
of the importance of matching physical capacity and performance with occupational
task demands and standards via the implementation of physical employment
standards (Gumieniak et al., 2011).

2.2 Physical employment standard assessments

The development of physical employment standards, or the minimum standard
necessary to perform a job, requires a stepped process to ensure the standards are
objective, reliable, legally defensible and equitable (Bilzon et al., 2002; Constable &
Palmer, 2000; Gledhill et al., 2000; Gledhill & Jamnik, 1992a, 1992b; Gumieniak et al.,
2011; Petersen et al., 2010). These phases include identification of task demands and
assessment of the attributes of physical capacity (muscular strength, muscular
endurance, aerobic power, flexibility, power) (Constable & Palmer, 2000; Payne &
Harvey, 2010; Petersen & Payne, 2010).
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2.2.1 Identification of task demands
Surveys, interviews and visual analysis (video) are the most common method of
collecting, identification and quantification of task demands (Constable & Palmer,
2000; Gledhill & Jamnik, 1992a; Knapik et al., 1997a; Payne & Harvey, 2010). Task
demands can be further identified into three components; task, environmental and
human performance elements (Constable & Palmer, 2000; Gledhill & Jamnik, 1992a;
Knapik et al., 1997a; Payne & Harvey, 2010).

Task elements can be described by considering the elements which comprise the
task and may include the mode (the type of activity), frequency ( how often the
task is performed; repetitively or a maximal effort), intensity ( the energy system that
is utilised or physical capacity attributes (muscular strength, power, endurance, aerobic
power and duration (length of task (Constable & Palmer, 2000; Gledhill et al., 2000; Gledhill
& Jamnik, 1992a, 1992b).

Mode describes identified task e l e m e n t s ( demands) placed on metropolitan fire
fighters in Canada via three methods; an observational task analysis and two
surveys. The researchers observed incumbent fire fighters performing tasks within
two

large

metropolitan

fire departments. The authors developed a task list to
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quantify physical demands from identification of objects lifted, height of lift, body
position and action, number of repetitions, distance of carry and work time.
Secondly, a random sample of 57 incumbent fire fighters were asked to identify from
the task list which items were the most physically demanding. Lastly, an additional
random sample of 60 fire fighters were asked to identify via a survey method how
often they experienced these physically demanding tasks and to rank the relative
difficulty of each. From these three steps, the most physically demanding tasks
commonly performed within the fire brigade were established. It was established that
fire fighters require high muscular strength and endurance in both upper and lower
body, with demands on both aerobic and anaerobic systems (Gledhill & Jamnik, 1992a).
For example a muscular strength demand, lifting and lowering ladders, requires each
fire fighter to possess the ability to lift 30 kg. In addition, an aerobic demand of 41
mL∙kg∙min‐1 was also shown to be necessary during tasks requiring high levels of
muscular endurance for carrying equipment up a high rise block (Gledhill & Jamnik,
1992a). Military personnel also encounter tasks that require high levels of muscular
strength and endurance, thus using multiple energy systems to successfully complete
the task (Constable & Palmer, 2000; Hendrickson et al., 2010; Sharp et al., 2009).
Strength tasks include changing a tyre, lifting a box to standardised height and
unilateral jerry can lifts. Endurance tasks include re‐loading stores onto a military
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tank and a 4‐hour bridge construction. Furthermore, unlike other occupations, these
task demands are not able to be easily modified via re‐engineering.

Task e l e m e n t s

(demands)

can be affected by environmental conditions.

Notably within the military, ambient air temperature, altitude, humidity, noise,
smoke and protective clothing (thermal load and mass) contribute to the difficulty of
the task, however, in most cases these cannot be controlled (Constable & Palmer, 2000).

.
The effect of the environment on task elements
(demands) has been researched in
incumbent fire fighters (Gledhill & Jamnik, 1992a, 1992b). Fire fighters were asked
to rank six physically demanding tasks according to their difficulty considering
factors such as smoke, environmental conditions, protective equipment and working at
heights, such as high rise buildings (Gledhill and Jamnik , 1992). Visibility, darkness,
smoke and heat were the main factors reported to increase the task demand of
firefighting (Gledhill & Jamnik, 1992a, 1992a), with the tasks carrying equipment upstairs
and from a truck to a site found to place the greatest physiological strain on fire fighters in
terms of muscular endurance assessed by heart rate and VO2peak measures (Gledhill &
Jamnik, 1992a, 1992a). Increased task difficulty was also reported when personal
protective equipment was required to be worn (42 kg). The military are also required
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to work in difficult environmental conditions and with heavy external loads, carrying up
to 62% of relative body mass (Orr, 2011).

Furthermore, human elements, such as anthropometry, age, gender, physical capacity
(muscular strength, muscular endurance, aerobic power) and psychological factors
such as attitude and motivation affect task performance and are the final component
of task elements (demands) (Constable & Palmer, 2000). When an individual is required
to perform a physically demanding task that exceeds their attributes of physical capacity
(muscular strength, muscular endurance and aerobic power), injuries can occur
(Anderson, 2010). Thus, matching the physical attributes to the occupational task
demands has the potential to reduce injuries and improve occupational performance
(Constable & Palmer, 2000). When physical capacity is insufficient to meet task
demands, a reduction in performance and an increase in the rate of injury can occur
(Chaffin, 1987).

2.3 Assessment of physical capacity
Physical capacity is a multidimensional term that describes attributes of whole body
fitness such as measures of aerobic power, muscular strength, muscular endurance,
flexibility and occupational specific fitness (Whaley et al., 2000). Each of these
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components can be developed and maintained throughout training (Bird et al., 2005;
Feigenbaum & Pollock, 1999; Fleck & Kraemer, 2004; Whaley et al., 2000).

2.3.1 Anthropometric analysis
Low correlations between stature and lifting to a 1.83 m platform males (r2=0.21) and

females (r2=0.2) has previously been observed in Air Force trainees (McDaniel et al.,

1983). Segmental stature differences (arm length, torso height) have also been observed

to positively and negatively affect individual lifting capacity (Gross et al., 2000;

Pheasant & Haselgrave, 2006). For example, it would be advantageous for military tank

operators to be smaller statured to increase head clearance, reduced shoulder width

and have reduced limb length, to comfortably be able to perform their work duties

inside the confined space of a tank (DSTO, April, 2010). However, by manipulating

standards based on stature, legal defensibility may be compromised (Gumieniak et al.,

2011).

2.3.2 Muscular strength and endurance
During a recent task analysis conducted at an Australian ARMY base (Robertson
Barracks, Darwin) in which lifting items were visually observed and quantified, the
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weight lifted ranged from 23‐113 kg, which can place a significant muscular strength
and muscular endurance demand on the soldiers (DSTO, April 2010). These lifting
tasks consisted of both individual and partner assisted lifts, to varying heights, with
different handle compositions of both awkward and bulky items, such as ammunition
boxes, jerry cans and large truck tyres.

The fire brigade also encounter significant muscular strength and muscular endurance
related tasks, such as dragging victims in excess of 100 kg, lifting ladders off a truck
and raising ladders at a mass of 60 kg (Gledhill & Jamnik, 1992a). Following a three‐
phase identification process of the most common physically demanding tasks within
the fire brigade, Gledhill and Jamnik (1992) constructed a battery of tests to represent
these criterion task demands. The battery of tests included a simulated 90 kg dummy
(average fire fighter mass) drag, a hose carry, a ladder climb, claustrophobic encounter,
ladder lift and a rope pull. These assessments were trialled on 53 fire fighters for
acceptable and maximal times. Acceptable (one standard deviation above the mean)
and maximum (two standard deviations above the mean) performances were recorded
for validation of timed tasks. Following the completion of the battery of assessments,
the fire fighters were asked to rate on a 7‐point Likert Scale how similar the tests were
to actual job performance, with 1 indicating ‘strongly agree’ and 7 ‘strongly disagree’.
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On average 1.9/7 was reported revealing the assessments were of a comparable
physical demand to job related tasks, indicating high content/face validity, where the
assessments reflect the physical demands of the occupation (Gledhill et al., 2000). The
battery of assessments are currently under review to ensure that they possess the
necessary attributes of physical capacity (muscular strength, muscular endurance,
aerobic power) to safely and efficiently perform the most physically demanding
criterion tasks within the fire brigade and are legally and defensibly reliable

(Gumieniak et al., 2011). To date, there are no such standards present within the

military to assess the direct measurement of muscular strength and muscular

endurance task demands that directly relate to military task demands. Within manual

handling and rehabilitation studies however, lifting capacity is commonly assessed to

either identify how an individual is able to perform their job (manual handling) or for
return to work purposes (rehabilitation) (Gardener & McKenna, 1999; King et al., 1998;
Snook & Ciriello, 1974; Snook & Irvine, 1968).

2.3.3 Functional assessments of lifting capacity
Two reliable assessments have been established to estimate a person’s functional lifting
capacity, which differ only by a self‐perceived muscular force or effort; maximal lifting
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capacity and maximal acceptable lift (Snook et al., 1974; Snook & Irvine 1967).

Maximal lifting capacity is most objective and commonly used to test an individual’s
lifting capacity, both in a rehabilitation and occupational setting (Gardener &
McKenna, 1999; King et al., 1998; Snook & Irvine, 1968; Wheeler et al., 1994). This
assessment is conducted via a 1RM protocol, where mass is added or subtracted
incrementally until the maximum amount an individual can lift for one repetition is
identified, occurring typically within 3‐5

attempts

Harman et al., 2008a). This assessment

(Fleck

is commonly

&

Kraemer,

performed

to

2004;
assess

adaptation relative to occupational performance following a resistance training
regimen (Ham et al., 2010; Kraemer et al., 2001). In an occupational setting however,
the maximum amount an individual can lift to a defined height is generally not
considered a comfortable mass that can be repeated throughout the day without injury
(Legg & Myles, 1981; Snook & Ciriello, 1974). Snook et al., (1970) recognised that
when performing a lifting task both physical and psychological components
contribute to how much an individual can lift. Therefore, to make lifting assessments
more specific to occupational demands, maximal acceptable lift or a subjective,
self- perceived tactile measurement was developed (Snook & Irvine, 1967). Maximal
acceptable lift is a psychophysical measurement, whereby the subject adjusts the mass
of the object via tactile sensation (aggregate), allowing them to work within their
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individual physical limits, or what they deem comfortable without strain (Snook &
Irvine, 1967; Snook et al., 1970). Within this assessment, as many adjustments as
deemed necessary are allowed. A maximal acceptable lift is based on both
biomechanical and physiological components, where the individual is given control of
adjusting the mass of the item within the constraints of their own body (Ayoub et al.,,
1979)

A recent Australian military investigation study observed a significant relationship
between maximal box lift and maximal acceptable (comfortable lift) at a range of
absolute lift heights (130 cm, 145 cm, 160 cm and 170 cm) specific to military task
requirements (Ham et al., 2010). A significant positive relationship (r²=0.8) between
maximal acceptable lift and maximal lifting capacity was found for these lifting tasks,
which is consistent with previous research (Snook & Irvine, 1968). Therefore the
positive relationship indicates that the safer assessment (maximal acceptable lift) could
be performed within a military environment to assess occupational performance.
Direct measurement of occupational performance has yet to be implemented within the
Australian ARMY, instead, generalised physical activity attributes that reflect general
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fitness are currently assessed. The validity and reliability of maximal lifting capacity
and maximal acceptable lift within an occupational setting are limited within the
literature, and are not present for 1.5m maximal lifting assessments, although widely
used (Hendrickson et al.,, 2010; Williams et al.,, 1999. 2002). There are however validity
and reliability measurements that have been established for return to work assessments
of much lower heights to that of the occupational standard (1.5m), which cannot be
directly applied to a military setting (Gardener et al.,, 1999). Additionally, Pandorf et al.,
(2003) conducted a reproducibility and reliability study for military occupational tasks.
It was concluded that between the first and second session there was a 9% increase in
performance (p<0.05) for repetitive box lift performance. It is therefore necessary that a
familiarisation period is performed prior to conducting the testing period to eradicate
performance bias and to perform a reproducible and reliable test (Pandorf et al., 2003).

2.3.4 Australian ARMY physical capacity attributes
Currently the Australian ARMY conduct a biannual battery of assessment tasks via the

Basic Fitness Assessment. The validity of these assessments with physically demanding

occupation tasks have not been formally established.
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2.3.4.1 Basic Fitness Assessment
The Basic Fitness Assessment includes a timed 2.4 km run, the maximum number of
push‐ups performed in 2 minutes and number of sit‐ups performed within a 1: 3 work:
rest ratio, of up to a maximum of 100 repetitions (Fogarty, 2009). The Basic Fitness
Assessment does not replicate daily strength and endurance task demands faced by
soldiers within the ARMY. Indeed these assessments have weak content and criterion
validity with actual occupational demands (Harman et al., 2008a). Furthermore, there is
a different pass criterion for each of the assessments, relative to age and gender
(Fogarty, 2009). The push up assessment for example, can vary dramatically from 3
push ups to 40 push ups completed within 2 minutes, relative to age and gender (Table
2.1). In contrast, personnel are required to perform the same tasks, irrelevant of gender
or age differences within their respective occupations. For example as a combatant
soldier in the Artillery Corps, the items and weapons carried contributing to the mass
of the packs differ only with employment category, not with age or gender. A younger

soldier would not be required to carry a portion of an older soldiers pack or body
armour based purely on their age (DSTO, 2010). Furthermore, it is possible that an
individual could pass the Basic Fitness Assessment, while still having insufficient
physical capacity to complete the specific physical demands of occupational tasks such
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as pack marching or manual handling (Harman et al., 2008a; Sharp et al., 1993; Williams
et al., 1999).

Table 2.1: Basic Fitness Assessment pass criterion for males and females

<25 years

>51 years

Push Ups
(repetitions)
Males: 40
Females: 21

Sit Ups (repetitions)

2.4km Run (min:sec)

Males: 70
Females: 70

Males: 11.15
Females: 13.30

Males: 6
Females: 3

Males: 15
Females: 15

Males: 11.15
Females: 13.30

Note: (Fogarty, 2009; Orme, 2005)

Bona Fide physical employment standard must consider objective, reliable and legally
defensible assessments that truly reflect the physical demands of the occupation. To be
able to perform that occupation to the safest possible standard, there must be a
standard pass that does not bias or discriminate towards age or gender (Gledhill et al.,
2000; Gledhill & Jamnik, 1992b). Specific physical assessments that are functional in
relation to the physical demands of military duties would allow for a more robust
evaluation of the suitability of soldiers to perform their duties (Constable & Palmer,
2000). For example, it would be relatively easy to predict that an engineer or infantry
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soldier would have markedly different physical demands in the area of strength
compared to an office bound administrator within the ARMY. Assessment of push up
ability (currently utilised within the Basic Fitness Assessment) however would not
distinguish between such strength differences required for these occupations.
Following the identification of physical attributes necessary for successful job
performance, the manner in which physical capacity is maintained or improved must
also be formally considered (Brock & Legg, 1997; Santtila et al., 2008; Williams et al.,
2002).

2.4 Training to maintain and the development of physical capacity attributes
Appropriate exercise program design requires multiple steps, including evaluation of
baseline physical capacity levels, goal setting, medical screening and manipulation
and implementation of training principles to optimise adaptation (Kraemer &
Ratamess, 2004).

2.4.1 Principles of prescription
Marked changes in the rate of physiological adaptation can be altered through
frequency, intensity, duration and specificity of activity.

2.4.1.1 Specificity

The principle of specificity states that “training effects derived from an exercise
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program are specific to the exercise performed and muscles involved” (Hakkinen et al.,
2003). It has been shown that training programs that incorporate these identical
components within the training interventions elicit the greatest strength increases for
the given task (Thorstensson et al., 1976), especially when progressive resistance
training, or weight training specific to the movements identified is utilised
(Hendrickson et al., 2010; Kraemer et al., 2003; Kraemer et al., 2001; Prestes et al., 2009;
Sharp et al., 1993).
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Table 2.2: Strength adaptations to training
Training
Investigation

Author

Year

N=

Gender

Thorstensson
et al

1976

14

M

Hendrickson et
al

2010

56

F

Kraemer et al

2001

93

F

Specificity

Intervention

Training
length

Military
(Y/N)

Progressive Resistance Training
-3x/wk
-3x6RM Squat at 3 different speeds and
angles
Progressive Resistance Training
-3x/wk
-Endurance (E)
Continuous (75-85%HRmax), threshold
and sprint interval training
-Strength (R)
Non-linear RT 12RM, 8-10RM, 6-8RM, 35RM
-Combined (CB)
E+R on same day (R before E)
-Control (C)
No intervention

8-wks

N

-1RM Squat- ↑67%
-Sargent Jump ↑22%
-Max Voluntary Contraction ↑ 13%

8-wks

N

Progressive Resistance Training
-Total Body Power (TP)
3-8RM explosive Whole body exercise
-Total Body Hypertrophy (TH)
8-12RM Whole body exercise
-Upper Body Power (UP)
3-8RM explosive Upper body exercise
-Upper Body Hypertrophy (UH)
8-12RM Upper body exercise

24-wks

Y

-Endurance (E)
↑3.2km 14.7%, ↑VO2peak 6.2%, ↑SQ
15.3%, Loaded Carriage ↑12.9%,
↑RepBoxlift 22.5%
-Strength (R)
↑SQ 48.3%, Loaded Carriage ↑11.5%,
↑RepBoxlift 31.3%, ↑1RM BenchP
23.8%, ↑BenchP and Throw 41.9%
-Combined (CB)
↑SQ 37.6%, Loaded Carriage ↑13.1%,
↑RepBoxlift 45.5%, ↑1RM BenchP
20.9%, ↑BenchP and Throw
39.8%,↑VO2peak 7.6%, ↑3.2km
run10.4%
-Control (C)
↑SQ 11.8%, Loaded Carriage ↑6%,
↑RepBoxlift 17.8%, ↑1RM BenchP
0.6%, ↑BenchP and Throw 5.3%
↑3.2km run 1.3%
-1RM Bench Press
Sig diff TP, TH, UP, UH>AER and
TP>FLD
-1RM Bench Press and Throw
Sig diff TP, UP>AER
-2-mile loaded run
No sig diff TP, TH, UP, UH
-RepBL
No sig diff TP, TH, UP, UH

Page 31

Outcomes

-Aerobic (AER)
Endurance running
-Field (FLD)
Plyometric and partner assisted
-Control
100 M military (only testing)

Kraemer et al

2003

30

F

Progressive vs Non Progressive
Resistance Training
-2-3x/wk
-Periodised (P) All performed two sets
Tennis training + 4-6RM, 8-10RM, 1215RM
-Non Periodised (NV) Performed two sets
Tennis training + 8-10RM
-Control (C)
Tennis training only

36-wks

N

Prestes et al

2009

40

M

Progressive Resistance Training vs Non
Progressive Resistance Training
-4x/wk
-Linear(L)
3 sets 6-12RM. Changed weekly
-Daily periodisation (DP)
3sets 6-12RM. Changing daily

12-wks

N

Sharp et al

1993

25

M

Progressive Resistance Training
-3x/wk
-Control (C)
Resumed normal exercise habits
-Experimental(E)
10 exercises-free weight and machine
multi-joint
-3-5 sets per exercise

12-wks

N
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-Push Ups
No sig diff TP, TH, UP, UH
-Sit Ups
Sig diff TP, UP, TH, UH>AER and
UP>FLD
-2-mile run
Sig diff TH, UP, UH<FLD and
UP<AER
-Specificity of training:
-Periodised (P)
↑Jump height 50%, ↑serve velocity
29%, ↑ShldP 24%, ↑1RM LegP 9%,
↑1RM BenchP 22%
-Non Periodised (NV)
↑Jump height 4.5%, ↑serve
velocity11%, ↑ShldP 18%, ↑1RM LegP
4.5%, ↑1RM BenchP 11%
-Non linear resistance training and
functional, specific training elicited
greatest training response.
-Linear
↑1RM BenchP 18%, ↑1RM LegP
25%,↑Arm curl12%
-Daily periodisation (DP)
↑1RM BenchP 25%, ↑1RM LegP 41%,
↑Arm curl 26%
No sig diff between groups pre vs
post
-Non linear (periodised) training
elicited a greater training response
-Control (C)
No significant change in DeadL,
Squat, Repetitive BoxL, VO2max pre
vs. post
-Experimental(E)
↑DeadL 20%, ↑Squat 35%, ↑Repetitive
BoxL 19%, ↑VO2max2% pre vs. Post
-Progressive RT beneficial for

Williams et al

1999

57

47M;10F

Williams et al

2002

43

43M;9F

Genaidy et al

1991

20

M

-71 sessions, 40 minute sessions
Replication of Basic Military Training
(UK)
-Circuit (18 sessions), sports (19),
endurance running (7), swimming (9),
agility (10) and manual handling (2)
-71 sessions, 40 minute sessions
Modification of Basic Military Training
(UK)
-Strength training (28 sessions), Circuit (4),
sports (6), endurance running (15),
swimming 4), agility (8) and manual
handling (6)
Task Specific Training
-3x/wk
-Experimental 1
Simulated manual handling task (pushing,
pulling, lifting, carrying) 15kg box, floor176cm
-Experimental 2
Simulated manual handling task (pushing,
pulling, lifting, carrying) 8kg box, 76cm176cm
-Control
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10-wks

Y

10-wks

Y

6-weeks

N

strength, endurance and manual
handling performance
-No significant change in manual
handling tasks (maximal box lift
145cm and 170cm, repetitive box lift
of 10kg, nor loaded march.
-Significant ↑VO2max 6.1% and
↑Repetitive BL 22kg 29.5%5
-Significant ↑8-12% 1RM BoxL 145cm
and 170cm, ↑15-19% RepBox L 10kg
and 22kg, ↑9-17% Loaded march

-Experimental 1
↑1RM BoxL floor to 176cm 2%,
↑endurance time 500%
-Experimental 2
↑1RM BoxL floor to 176cm by 21%,
↑endurance time 1200%
-Control
No significant change pre vs post
-task specific training can influence
neural adaptation and coordination of
movement in any given task

An investigation into the rate of adaptation of occupational (military) performance was

conducted by Williams et al., (1999). A complete evaluation of the British ARMY Basic

Military Training program over a 10‐week period was performed. The training sessions

involved direct replication of endurance running, circuit training, swimming, agility
and sports, which is notably highly endurance based. Following a 10‐week period,
there was limited improvement in occupational tasks such as maximal box lifting and
repetitive box lifting; tasks commonly performed in a military environment.
Sharp et al., (2003) ( T a b l e 2 . 2 ) performed a resistance training program specific
to the muscles responsible for a military related task of resupplying the 155 mm
Howitzer with 134 repetitions of a 41 kg load performed in a 10 minute period. This
task was identified as one of the most physically demanding tasks performed
within the military. The exercises for the regimen were chosen based on the muscles
involved and the range of motion required to perform the maximal box lift,
therefore the actual lift was deliberately not replicated within the training regimen.
This produced a favourable rate of adaptation during this task. A combination of a
dead lift And squat were identified to replicate the first portion of the lift,
followed by a combination of a high pull and military press to simulate the final
portion of the resupply. Following a 12‐week training regimen performed three
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times per week, a 23% and 35% performance increase was observed in maximal box
lift and 1RM squat performance in the experimental training group, relative to only
10% and 8% increase in the control (military training) group.

The authors consequently repeated the same training regimen with the addition of
resistance training sessions specific to the phases of lifting (Williams et al., 2002). In
contrast to their previous study, this resulted in marked improvements in maximal box

lift to 145 cm (12.4%), maximal box lift to 170 cm (8%) and V O2max (9.6%), with a
decease in repetitive 10 kg box lift (14.5%). The addition of specific resistance training
without actual box lifting replication or simulation (Sharp et al., 2003: Williams et al.,

1999; 2002) was therefore advantageous to the rate of adaptation for manual handling

tasks performed within a military setting (Table 2.2).

Task specific training, where the same movement is used in both the assessment and
training program, elicits magnified improvements within a short timeframe of 2‐6
weeks (Genaidy, 1991; Sharp & Legg, 1988). T a b l e 2 . 2 p r e s e n t s t h e s t u d y
c o n d u c t e d b y Genaidy et al., (1991). The training program involved task
simulation sequence was performed where a combination of pushing, pulling,
lifting and lowering a 15 kg box at a cadence of four repetitions per minute until
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exhaustion was performed. Consequently, endurance time to exhaustion improved
by 500% in the manual handling task.

Task specific improvements have been associated with neuromuscular coordination
and psychomotor learning and increased activation of muscle synergies (Abe et al.,
2008; Gabriel et al., 2006; Knapik & Gerber, 1996; Lee & Carroll, 2007; Sale, 1988; Sharp
& Legg, 1988). Therefore, task specific training is ideal when training time is limited
and the task demands are predictive and repetitive. Task specific training, however,
may pose a greater risk of injury when occupational tasks are variable and therefore,
unfamiliar to the trained movement (Clemes, 2010; Knapik & Gerber, 1996; Kraemer et

al., 2001; Sharp et al., 2009; Williams et al., 2002). Therefore, if manual handling tasks
are of a variable nature, the specificity of training needs to be limited to the major
muscles involved rather than specific task replication.

Interestingly, although manual handling is performed daily by the military (Sharp et
al., 2009), progressive resistance training, which is an effective way of increasing
strength, is rarely implemented (Kraemer et al., 2001; Prestes et al., 2009). This is
despite previous research training interventions in the military setting which have
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noted the importance of the upper limb strength in lifting tasks and the
importance of power and strength in lifting (Kraemer et al., 2001; Sharp et al., 1993).
When resistance training relating specifically to manual handling have been
implemented, strength ability in occupational tasks has significantly increased
(Williams et al., 2002). As the majority of manual handling occupations within the
ARMY involving a high strength and endurance lifting task demand, it has been
suggested that lifting should be included within a training regimen (Knapik, 1996;
Linacre, 2007; Sharp et al., 2009; Williams et al., 2002).

Currently, the Australian ARMY are completing non‐specific circuit resistance
training, in which resistance training accounts for approximately 18% of the total
number of sessions over the 12‐week period (Table 2.3). Within this programme,
military recruits undergo an 80‐day training program (Table 2.3) involving 39
sessions,
endurance

ranging

from

running,

40‐120

pack

minutes,

marching,

encompassing
physical

generalised strength,

assessments

to

monitor

progression, swimming and obstacle courses. (Fogarty, 2009; Orme, 2005). The
current format of military training is referred to as ‘general training’, where the goal of
exercise prescription is generalised whole body endurance and strength conditioning,
with little specificity of training towards occupational demands (Brock & Legg, 1997;
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Knapik & Sharp, 1998). The percentage of time dedicated to resistance training
(18%) does not reflect the high strength demand military personnel are facing daily
(Sharp et al., 2009).

Table 2.3: Basic Military 80‐day training program

Mode of
Training
Endurance

Strength
Other

Method
Long slow
running
Packed marching
Generalised
circuit
Swimming
Rope climbing
Information
sessions
Obstacle course

Assessments

Number of
Sessions
6
8

Percentage of
total training
14%
16%

7

18 %

4
2
4
3
3
5

10%
5%
10%
7%
7%
13%

(Fogarty, 2009; Orme, 2005)

Although t h e

Australian ARMY currently does not undertake any training

specific to manual handling tasks, they do undertake specific training for their
biannual Basic Fitness Assessment, s u c h as push ups, sit ups and a timed 2.4 km
run (Fogarty, 2009; Orme, 2005). Although this training assists the passing of these
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same exercises in the Basic Fitness Assessment, the exercises are not specific to the
physical demands faced by soldiers on a daily basis nor aid in occupational
performance improvements. Combining task specific and general training methods into
a functional program, with strength training related to occupational demands, has
the potential to increase muscle mass (hypertrophy), overall muscular strength and
endurance levels and occupational physical capacity (Bird et al., 2005; Kraemer et al.,
2001; Sharp et al., 1993; Sharp et al., 2009).

Basic Military Training has been extensively researched in the United States (Harman
et al., 1996; Harman et al., 2008a; Sharp, 1994; Sharp et al., 1993) and United Kingdom
(Williams et al., 1999, 2002). Occupational fitness in these countries is not specifically
targeted either, with military training programs biasing endurance aerobic power

adaptations (Williams et al., 1999). The limitation of such training is that it may not
physically prepare a soldier to perform high intensity activities or manual handling,
which may increase their risk of injury when they are required to perform such
activities (Sharp et al., 1993). Within the Australian ARMY, no research to date has
evaluated the current format of the Basic Military Training program on occupational
performance.
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Following Basic Military Training, it has been observed that the volume and intensity
of endurance training were contributing factors to the high incidence of stress
fractures, especially following pack marching (Orr, 2011). Reducing the 36% of
training time dedicated to endurance training and increasing resistance exercise has
the potential to reduce injury and improve occupational performance. When
endurance training volume (time) was reduced and gradual progression of resistance
training was implemented, lower extremity stress fractures were reduced by 55% (370
cases) for U.S Marine recruits, which resulted in a cost saving of $4.5 million
(Kaufman et al.,2000).

When

reducing

endurance

training volume (time)

however, correct exercise prescription must be implemented so to not compromise
development of the attributes of physical capacity such as aerobic power (Billat, 2001).

2.4.1.2 Volume and intensity

Manipulating the volume and intensity of training can affect the degree of adaptation

of musculoskeletal and neurological factors following either an endurance or resistance

training program (ACSM, 2000; Bird et al., 2005; Feigenbaum & Pollock, 1999; Gibala et

al., 2006; Heyward, 1997).
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High volume prolonged endurance training is typically performed at low‐moderate
.
intensities and is associated with numerous cardiorespiratory (VO2peak, resting heart

rate, blood pressure, compliance of blood vessels, endothelial function) and metabolic
benefits (lipogenesis, insulin action, increased activity of myocardial enzymes and
reduction in plasma triglycerides) (Burgomaster et al., 2008; Burgomaster et al., 2005;
Haram et al., 2009; Rakobowchuk et al., 2008; Tjonna et al., 2008). The health benefits of
this type of training has been formally recognised by the American College of Sports
Medicine (ACSM), who recommend minimal levels of physical activity and exercise
(ACSM, 2000). A moderate intensity of endurance training is referred to as continual
exercise at a heart rate reserve of 60‐80%.

Although this method of training is beneficial, it is time consuming. For example, it
is recommended that 20‐60 minutes three times per week of exercise is required
for cardiovascular health benefits and maintenance, and greater than 60 minutes
three times per week however, is required to illicit significant improvements in
fitness (ACSM, 2000; Baecke et al., 1982). Currently, the Australian ARMY Basic
Military Training program undertake a similar higher volume endurance training
approach, where 36% of training time is dedicated to endurance running or pack
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marching, contributing to 700 minutes performed over an 80‐day period (Orme,
2005). This method of training is based on the assumption that a greater
training volume produces a direct relationship to performance improvements.
Costill et al., (1991) challenged this traditional belief in a study of male university

swimmers. Twenty‐four male swimmers, matched for previous training experience

and stroke performance were trained under two different regimens, LONG versus

SHORT, over a 25‐week period. Both groups had the experienced identical training

volume for the first 4‐weeks of 1.5 hours, once per day. The training differed for the

subsequent 6‐weeks, with the SHORT training regimen group continuing to train for

1.5 hours, once per day and the LONG training regimen group training for 1.5 hours,

twice per day, equating to three hours daily. Both groups performed identical training

for the last 14‐weeks of the study, 1.5 hours, one per day, completing 25 weeks of

training in total. Following the 25‐weeks of training, there was no significant difference

in endurance swim time trial over a 2.7 km distance between the LONG and SHORT

regimens, 2% and 2.2% increase respectively. This was despite a 20% reduction in
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training volume (time) in the SHORT training group. Therefore, the marked
reduction in volume

over

the

middle

6‐week

period

did

not

impact

on

endurance swim performance (Costill et al., 1991).

Research involving reductions in endurance training volume (time), which have been
coupled with an increase in training intensity, have resulted in a similar (Costill et al., 1991;
Gibala et al., 2006; Rakobowchuk et al., 2008) and in some cases superior (Haram et al., 2009)
improvements in aerobic adaptations, such as VO2peak, muscular structural adaptations and
endothelial function relative to low to moderate intensity training regimes. Interestingly,
studies have reported VO2peakimprovements despite dramatic reductions (90%) in training
volume (time) (Burgomaster et al., 2008; Rakobowchuk et al., 2008). Reductions in
endurance training volume (time) via increasing intensity have also previously been
performed within military context (Harman et al., 2008a; Kraemer et al., 1995), in
conjunction with continuous endurance training (Harman et al., 2008a; Kraemer et al.,
1995). High intensity training as a separate training method is however, yet to be performed
within a military environment.

Endurance training volume (time) in the military is commonly comprised of pack
marching and running. This training could be altered by a reduction in
endurance running (Burgomaster et al., 2008; Burgomaster et al., 2005; Rakobowchuk
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et al., 2008), however, it is unlikely that pack marching volume could be altered as it
is considered to be an essential task demand especially for deployment. Within
current

Basic

Military Training, pack marching is

performed eight times,

accumulating to 33 km and 500 minutes (Orme, 2005). A meta‐analysis by Orr et al.,
(2011), suggested that specific load carriage needs to be performed at a training
volume (time) between two and four times over a 4‐week period for the desired
training stimulus to occur. This suggests that the minimum training volume (time)
for pack marching is six sessions over the 12‐week period, so pack marching could
be reduced by two sessions (120 minutes). This would be advantageous as the
volume of pack marching and endurance running performed has been associated with
the increase in stress fractures, in army recruits (Jones et al., 2000; Kaufman et al.,
2000; Knapik et al., 2001). A reduction would also allow a greater percentage of
time to be dedicated to improving occupational strength performance via resistance
training.

The volume of resistance training is controlled via the manipulation of repetitions, sets,
frequency and rest periods. The intensity of resistance training is defined as a
percentage of one repetition maximum effort, or the maximum mass lifted for one
repetition (ACSM, 2000; Feigenbaum & Pollock, 1999; Fleck & Kraemer, 2004; Kraemer
& Ratamess, 2004; Tan, 1999). Figure 2.1 displays the intensity of resistance training
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based on a strength‐endurance continuum (Fleck & Kraemer, 2004). Strength protocols
are defined as high load, low repetition, resulting in a high power output, in
comparison to endurance protocols, that are defined as lower load and higher
repetitions resulting in a low power output. Strength protocols (3‐6RM), hypertrophy
protocols (10‐20 RM) and endurance protocols (>25RM) influence the rate of strength
adaptation (Kraemer & Ratamess, 2004).
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Repetition
Maximum

3

6

Strength
/Power

Maximal

10

12

20

High‐
Intensity
Endurance

Low‐
Intensity
Endurance

25

Low‐
Intensity
Endurance
Low
Power
Output

to

Power
Output

Adapted from Fleck and Kraemer (2004)

Figure 2.1: The strength‐endurance continuum describes repetitions that specifically
target different intensities. Three‐six repetitions, close to maximal power output elicits
strength and power muscle adaptations. Endurance adaptations occur when the
repetition maximum is greater than 10, with a medium to low power output
contributing to muscular endurance adaptations.

Currently, circuit sessions within the Australian ARMY Basic Military Training
regimen involve performing >25RM within a required time frame (Orme, 2005).
Although there is not a specific time frame dedicated to each station, the average time
dedicated to each station is 1‐minute from direct observations, with personnel
performing in excess of 20 repetitions per station (Wagga Wagga, October 2010).
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According to the strength‐endurance continuum, the lower power output (body mass)
and high repetitions represents a muscular endurance protocol (Kraemer & Ratamess,
2004). This intensity of training does not reflect the strength demands personnel are
challenged by on a daily basis, especially if the strength demand is in some instances in
excess of 50% the mass of the soldier (Sharp et al., 2009).

The volume of resistance training can be altered by progressive overload (ACSM, 2000;
DeLorme & Watkins, 1948; Kraemer, 2002). This principle dictates that the body must

be placed under a gradual stimulus; greater than that of ‘normal’ to generate and retain
significant strength improvements, otherwise a plateau or reduction in performance is
observed (Fleck & Kraemer, 2004; Kraemer, 2002; Vogel & Patton). The method of
progressive overload was established by DeLorme and Watkins (1948) where an
external 10RM exercise load was added progressively to load the muscle and elicit the
correct musculoskeletal strength response (DeLorme & Watkins, 1948). An increase in
stimuli can also be performed via an increase in intensity and reduction of rest periods
(Kraemer & Ratamess, 2004). This is the method currently undertaken by the military
within the circuit session of the Basic Military Training regimen (Fleck & Kraemer,
2004; Orme, 2005).
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Altering training stimuli can be collectively performed via a linear or non‐linear
periodisation model (Hoffman et al., 2003; Kraemer, 2002). Linear periodisation is
composed of macrocycles (one year), mesocycles (2‐weeks to 2‐months) and a
microcycle (7‐days), with the load constant within each cycle (Bird et al., 2005;
Feigenbaum & Pollock, 1999; Fleck & Kraemer, 2004). In contrast, non‐linear
periodisation alters intensity daily or weekly, targeting multiple neuromuscular
components and physical capacity attributes within the one cycle (Kraemer, 2002;
Kraemer & Ratamess, 2004). Both linear and non‐linear resistance training has been
shown to be beneficial to the military environment, especially for maximal box lift
performance (8‐16% increase) (Hendrickson et al., 2010; Knapik et al., 2001; Williams et
al., 2002). Varying the intensity on a daily or weekly basis via non‐linear resistance
training is however, more specific and functional for occupational tasks within the
military. For example, personnel are required to perform manual handling tasks that
involve aspects of power, strength and endurance which can be met through non‐
linear resistance training (Kraemer et al., 2001). Furthermore, non‐linear periodisation
has been shown to elicit significant strength increases in comparison to linear
periodisation (Kraemer, 2002; Prestes et al., 2009). For example, in a tennis training
intervention, a 22% increase in bench press performance was observed following non‐
linear resistance training in comparison to an 11% increase following linear resistance
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training (Kraemer et al., 2003). This resulted in a twofold performance increase
following a 12‐week training regimen.

Currently, within the Australian ARMY, a linear periodisation method is implemented,
where Basic Military Training regimen is deployed across an entire cohort, structured
and pre‐planned. The lack of individual prescription across the regimen allows the
personal training instructors (PTIs) to closely monitor exercise participation and
subsequent injuries (Fogarty, 2009; Orme, 2005). Circuit training within Basic Military
Training starts with basic exercises such as push ups, sit ups and agility runs with
primary use of body weight. Load selection is not individualised and progression is
completed via the introduction of more technical exercises and the implementation of
light medicine balls and barbells (Fogarty, 2009; Orme, 2005). This is feasible in a group
situation, where up to 90 soldiers could be training at once. However, the cost of this is
the intensity is not controlled, in that some recruits may be working at a considerably
higher intensity than more physically able recruits. This is a key limitation of current
Basic Military Training regimens.

2.4.2 Rates of adaptation
Following a training regimen, the rate at which physical adaptation occurs is
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dependent upon previous training experience, genetic predisposition, current training
status and composition of training program. Therefore, the rate of adaptation to the
training program differs for each individual (Dechenes & Kraemer, 2002; Kraemer &
Ratamess, 2004; MCarthy et al., 1995). A meta‐analysis of training programs spanning
4‐weeks up to 2‐years found the magnitude and rate of adaptation following a
resistance training program differed depending on training history. Untrained
individuals displayed a 40% increase in strength performance, in comparison to 2%
increase for elite athletes who are already strength trained (Kraemer, 2002).
Furthermore, rate of adaptation was altered when combining endurance and strength
exercise during concurrent training, with some studies revealing it is beneficial for

strength adaptations (Hickson et al., 1980; Paavolainen et al., 1999), where others
observed a negative impact or interference with strength adaptations (Bell et al., 2000;
Hickson et al., 1980; Kraemer et al., 1995; Kraemer et al., 2004; McCarthy et al., 2002).

2.4.2.1 Strength adaptations

The rate of adaptation following a strength training regimen is greatest when an
external mass of high load and low repetitions is applied within either a strength (high
load, low repetition) or hypertrophy (intermediate load and repetitions) training
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protocol between 3‐15RM (Abe et al., 2000; Campos et al., 2002; Jones et al., 1989). This
trend was observed in a training study conducted by Campos et al., (2002). A training
regimen was conducted with four experimental groups; control, low repetition/high
load (3‐5RM), intermediate repetition and load (9‐11RM) and high repetition/low load
groups (20‐28RM). For the first 4‐weeks of training, two sessions were performed per
week, with three sessions conducted for the final 4‐weeks. Three exercises were
performed by all experimental groups in the following order, leg press, squat and knee
extension. The greatest strength adaptations were observed in the low repetition
regimen, where a greater rate of adaptation was observed for the 1RM squat
performance (50%) in comparison to the high repetition regimen (7%). The Australian
Basic Military Training regimen however, is based on high repetition endurance circuit
training, which may not provide sufficient strength adaptations required for daily
occupational strength demands such as, changing a 110 kg truck tyre to a 1.5 m
platform via a two man lift (Orme, 2005; Sharp et al., 2009). Furthermore, in conjunction
with the strength adaptation, Campos et al., (2002) found an increase in fibre type
percentage and cross sectional area (12 and 26%) in only the low repetition group
following an 8‐week period (Campos et al., 2002).

Structural changes, such as cross sectional area generally occur after a 10‐12‐week
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training period (Gabriel et al., 2006; Hortobagyi et al., 1996; McCarthy et al., 2002;
Raastad et al., 2001; Selvanayagam et al., 2011; Staron et al., 1994), although increases in
skeletal muscle cross‐sectional area have been observed following as little as 4‐weeks
of training (Mayhew et al., 1995). Strength training under the 10‐12‐week time frame
has been associated with neural adaptations (Figure 2.2), rather than hypertrophic
cross‐sectional area increases (Cannon & Cafarelli, 1987; Dechenes & Kraemer, 2002).
The 12‐14% increase in type 1 and 26‐28% in type 2 muscle fibre percentage is possibly
the result of the type of training performed (eccentric knee extension), where a greater
level of tension is able to be generated in comparison to concentric exercise (Mayhew et
al., 1995).

Prior to engaging in resistance training, it is difficult for an untrained individual to
achieve full voluntary activation of the primary muscle group, particularly during
novel exercise that requires higher velocity movement (Jones et al., 1989). Therefore,
such strength improvements as a result of resistance training are in part associated
with improved coordination of the agonist, antagonist and improved activation of the
motor unit. These neurally related changes to inter and intramuscular activation aid in
the generation and transmission of force during both multi‐joint and single‐joint
exercises (Costill et al., 1979; Dechenes & Kraemer, 2002; Gabriel et al., 2006; Hakkinen
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et al., 2003; Jones & Rutherford, 1987; Sale, 1988; Staron et al., 1994; Thorstensson et al.,
1976). Although strength gains have been observed within two weeks of training, they
are not matched with significant changes in muscle cross‐sectional area and are
therefore, associated with improved coordination and muscle activation rather than
increased skeletal muscle cross‐sectional area (Figure 2.2). Untrained subjects have
been found to have a greater potential to improve neurally in terms of recruitment
firing patterns and maximal activation relative to untrained subjects. Full voluntary
activation of the primary muscle group during higher velocity, novel exercises
movement has been found to be significantly less in untrained versus trained subjects
(Jones et al., 1989; (Gabriel et al., 2006)). Therefore untrained subjects may be more
responsive to resistance training than trained subjects as they have less coordination of
motor unit firing, voluntary activation and synchronisation relative to trained subjects
(Sale, 1988).

A motor unit is comprised of three components, a motor neuron, an axon and the
innervated muscle fibres, which is the final pathway of the motor unit (Duchateau et
al., 2006). The primary function of the motor unit is to transform the synaptic output
received by the motor neuron into the innervated muscle (Gabriel et al., 2006; Sale.
1988). With often hundreds, up to thousands of motor neurons innervating an
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individual muscle, improved synchronisation of these signals assists in greater skeletal
muscle force transmission and production (Hallet, 2001; Sale, 1988). Therefore, when
performing a new task, multiple repetitions of that task will aid in optimising muscle
activation to illicit the greatest development of force (Duchateau et al., 2006). The
central nervous system learning centre, the primary motor cortex (M1), coordinates this
early phase of neural motor learning and acquisition of a new skill in humans
(Selvanayagam et al., 2011). Adaptations associated with unilateral strength training
further reinforce the contribution of the central nervous system within a resistance
training regimen (Lee & Carroll, 2007). A meta‐analysis of unilateral strength training
programs have shown a 7.8% strength (peak torque) increase in the contralateral (non
trained limb), in comparison to 35% strength increase in the trained ipsilateral (trained)
limb (Lee & Carroll, 2007).

The rate of strength adaptations following resistance training can also be negatively

affected if it is performed concurrently with endurance training (Dudley & Djamil,

1985; Hickson et al., 1980; Kraemer et al., 1995; Rønnestad et al., 2012). Dudley and

Djamil (1985) conducted a 7‐week training program on 22 recreationally active male

and females with three experimental training regimens; endurance (E), strength (S) and
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concurrent (C). The E regimen performed 5 x 5‐minute sessions on a cycle ergometer at
constant velocity of 60 revolutions per minute to establish cycle

.

O2peak within each

interval. The S regimen consisted of two sets of maximal voluntary isokinetic knee

extension movements performed at 4.19∙rad‐1 performed three days per week. The C

regimen performed both E and S regimen where training was performed six days per

week. Following the 7‐week intervention period, the concurrent training group had

attenuated strength improvements during high velocity low load movements. (Dudley

& Djamil, 1985).

This finding has also been observed in elite endurance trained athletes and military
personnel (Kraemer et al., 1995; Rønnestad et al., 2012). Rønnestad et al., (2012) recruited
12 well‐trained cyclists, which were randomised into two training groups of concurrent
endurance (cycling) and resistance training, one group with a high volume of
endurance training (10 hours) and the other with a low volume (1 hour). Resistance
training and intensity (4‐10RM) was consistent between the groups. The resistance
exercises included a half squat, one legged hip flexion, one legged leg press and ankle
plantar flexion. Following the 12‐week training regimen, the strength adaptations of
the high volume group were less than the low volume group, in the 1RM (leg press
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and half squat) by 25% and squat jump by 7%. The cross sectional area and rate of force
development were also less by 4% and 15% respectively (Rønnestad et al., 2012). This
suggests that a high volume endurance training regimen may negatively influence the
rate of adaptation if performed in conjunction with a strength training regimen.

Concurrent endurance and resistance training has been observed to influence the rate
of adaptation (Kraemer et al., 1995). Four different training regimens (endurance,

strength, concurrent/total body resistance exercises and concurrent upper limb

resistance exercise) were compared in a study of 35 military personnel over a 12‐week

training period. The endurance regimen consisted of continuous endurance running
.

.

(85% VO2max) and high intensity interval training at (90‐100% VO2max). The strength

regimen consisted of a hypertrophy (3 x 10‐25RM) and strength (5 x 5RM) protocol for

both upper and lower limb. The concurrent regimen/total body combined the

endurance regimen and strength regimen, while the concurrent/upper limb combined

the endurance regimen and only the upper limb component of the strength regimen.

This meant training volume (time) was not equalised, which was a limitation of the
study. All training interventions were conducted four times per week. After
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the 12‐week intervention, the singular strength regimen gained 10% more strength
than that of the concurrent training regimens in the 1RM leg press. This did not occur
in the double knee extension suggesting that multi joint exercises (leg press)
may

experience

greater detrimental strength effects

following

combined

endurance and resistance training relative to single joint exercises. Maximal
oxygen consumption increased by 7%, 9% and
concurrent/upper

limb

and

endurance

11%

regimens

concurrent training did not have as greater

concurrent/total
respectively.

body,

Therefore

detrimental effect on the rate of

endurance adaptation to the concurrent regimens.

However, concurrent training studies have also observed no negative influence on the
rate of strength adaptation (Hickson et al., 1988). Hickson et al., (1988) performed a 10‐
week training intervention on eight recreational endurance individuals, trained in two

different regimens; endurance only and concurrent (endurance and resistance
training). The endurance regimen was not specifically designed for the training
intervention, with subjects performing their normal routine of endurance exercise of
up to five sessions per week of either running or cycling. Therefore, the volume of
endurance training was not kept constant within the intervention. The concurrent
training performed the endurance regimen in parallel with a strength regimen of three
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and five sets of 5RM of parallel squats, knee extensions, knee flexions and toe raises.

The concurrent training therefore performed double the training volume (time) to
that of the endurance only regimen. This was a major limitation of this
investigation, as the volume of training not standardised between the training
interventions. This may explain why following the 10‐week intervention, the
concurrent training group experienced a 30% greater strength improvement
in the 1RM protocols (knee extension, parallel squat and knee flexion) relative to
the endurance group (Hickson et al., 1980). (Kraemer et al., 1995; Kraemer et al., 2004).

In contrast, McCarthy et al., (2002) implemented a training regimen on 30 sedentary
males for a 10‐week period. There were three training regimens; the endurance only
regimen (50 minutes of continuous running at 70% heart rate reserve), the strength

only regimen (high intensity strength at 6RM load) and combined training (endurance
and strength combined). The combined training therefore performed double the

training volume (time) to that of singular endurance or strength regimens. However,
this is a critical deficiency within the existing concurrent training literature. Such
experimental designs are not feasible in a military training environment where training
time is fixed.
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2.4.2.2 Endurance adaptations
Endurance time trial performance andV. O2peak has been observed to be magnified with
the implementation of higher intensity endurance training, in chronic disease, healthy

and athletic populations (Burgomaster et al., 2008; Burgomaster et al., 2005; Esfarjani &

Laursen, 2007; Franch et al., 1998; Gibala, 2007; Gibala et al., 2006; Little et al., 2010;

Rakobowchuk et al., 2008; Ross & Leveritt, 2001; Talanian et al., 2007; Tjonna et al.,

2008). Burgomaster et al., (2005) conducted a higher intensity training intervention of

six sessions performed within a 2‐week period. Each session, up to seven Wingate

protocols were performed, interspersed with 4‐minutes of active rest where the

subjects were pedalling at a lower peak power output to reduce light headedness and

nausea. Following the high intensity training intervention, performance endurance

capacity increased by 169% and performance in cycling endurance time trial to fatigue
increased by 100%, despite no significant change in V O2peak. Following on from this
investigation, Burgomaster et al., (2008) implemented a 6‐week training regimen
comparing continuous endurance cycling and higher intensity cycling. Endurance
training consisted of 60 minutes continuous cycling at 65%VO2peak, in comparison to six
repeated Wingate protocols of 30 second sprints performed at VO2peak interspersed with
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4.5 minutes of active rest. Total training volume (time) was purposely not matched with
the endurance performing five sessions per week in comparison to three sessions for
the Wingate protocol. Following the intervention, a 7.3% and 8% increase in V O2peak
was observed

following

the

endurance

and

Wingate

protocol

respectively.

Therefore, despite the 40‐fold difference in training volume (time), no difference in
aerobic adaptation was observed.

A longitudinal study that followed Norwegian rowers from 1970‐2001 revealed that

low intensity (velocity), higher volume training patterns, which gradually increased
over a

30‐year period by 20%, resulted in improvement in VO2max by 12% and six

minute rowing time by 10%. There were marked differences in the training methods

over the 30‐year period, with variations in intensity and frequency following the trends
of scientific research. However, high volume (velocity) endurance training (85‐95% V

O2peak) was the most dominant method of training (Fiskerstand & Seiler, 2004). As the

subjects were international level rowers, the high intensity training (30 hours per week)

implemented was performed concurrently with high volume endurance training (60

hours per week), which required a time commitment not possible for the general

population.
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High intensity training has not been recommended for the general population due to
the high motivation required to reach and sustain training intensities >85% VO2peak

(Esfarjani & Laursen, 2007). Higher intensity exercise has been shown however to be

beneficial within a chronic disease population, and also more enjoyable than a higher

volume lower intensity training, resulting in a higher compliance rate (King et al.,

1995). Higher intensity training has also been shown to benefit insulin sensitivity,

blood pressure and endothelial function (Haram et al., 2009; Tjonna et al., 2008).

The majority of high intensity training studies however, have been performed on a

cycle ergometer in a laboratory setting, to standardise relative intensities (Burgomaster

et al., 2008; Burgomaster et al., 2005; Gibala et al., 2006; Little et al., 2010; Talanian et al.,

2007). High intensity endurance exercise has yet to be implemented within a military

setting in a functional setting, such as grass oval running. Difficulty in determining

high intensity velocity and the cost of heart rate equipment may be the limiting factors

for implementation.
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A concurrent training study conducted by Paavolainen et al., (1999) randomised 22
endurance trained athletes (matched for VO2max and 5 km endurance run time) into two
training interventions, control and experimental training regimens. Both regimens
performed the same volume of endurance running (up to 2 hours/week) and high
intensity circuit training (abdominal and leg exercises specific to running). The
experimental training regimen replaced 32% of endurance training time with explosive
sprinting and jumping exercises specific to running (0‐40% 1RM). After the 9‐week
intervention period, the experimental training had a 3.4% increase in endurance run
time versus a 2% decline for the control group. This was not coupled with an
improvement in oxygen consumption, indeed the experimental group had an 8%

reduction in VO2max. It appears that although explosive strength training improves
running economy, it may not influence the VO2max rate of adaptation. Explosive
strength training within a military setting has the potential however, to improve 2.4 km
endurance run performance.

Increasing resistance training volume (time) within Basic Military Training has also
been found to increase in VO2max. Santilla et al., (2008) recruited 72 male military
personnel, randomised into three training regimens (Basic Military Training),
Basic Military Training with additional endurance running and Basic Military
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Training with additional linear resistance training. Following the 8‐week training
regimen, a 12% and 8.5% performance increase was found in Vo2max in the additional
endurance and additional strength regimens respectively. Therefore, the additional
strength training to Basic Military Training actually increased VO2max, with a rate of
adaptation similar to the
training

to

Basic

additional

Military Training

endurance
may

training.

therefore

be

Additional
beneficial

strength
for

both

endurance and strength rate of adaptations.

2.5 Summary
In summary, a high incidence of injury is present within military manual handling
occupations. These injuries are due to a mismatch between task demand and physical
capacity attributes (muscular strength, muscular endurance and aerobic power). To
reduce the financial burden of injury, this gap between task demand and physical
capacity needs to be reduced. This requires firstly, a specific battery of assessments to
assess such task demands. From this literature review, it is apparent that the current
method of physical capacity assessment, the Basic Fitness Assessment does not relate
to the occupational strength task demands personnel face daily. Therefore, assessments
to determine the demand of lifting were implemented into the experimental design
including physical capacity attributes of anthropometry, muscular strength, muscular
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endurance and occupational lifting assessments. F u r t h e r m o r e , t h e r e i s a l a c k
of research stating the validity of maximal lifting assessments and
m a x i m a l a c c e p t a b l e l i f t i n g a s s e s s m e n t s f o r a m i l i t a r y p o p u l a t i o n . The
assessment

of

physical

capacity provides

a

baseline

measurement

for

the

implementation of a training regimen. The review of related literature revealed
that the specificity, intensity and volume of training affect the rate of adaptation of
either a strength or endurance training regimen. For optimal rate of adaptations,
training should be specific to the muscles utilised in the occupational lifting task
demands, but not replication of the movement. Replication
and training of the identical movement results in bias results to that movement only,
therefore is not feasible to ARMY where such variability of manual handling tasks are
present.

At present, the current Basic Military Training regimen is highly endurance‐based
(continuous running and pack marching) and is not specific to the occupational task
demands, or representative of the physical capacity attributes required by recruits to
perform these task demands. Review of related literature highlighted the effectiveness
of introduction of resistance training, particularly non‐linear resistance training for
marked strength adaptations. A common limitation with the previous investigations is
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that total training volume (time) (time) has not been equalised between interventions.
The rate of endurance adaptations appears to be marked when high intensity
training is performed. However, this method of training has not been implemented
within a military context, or on field based running. Furthermore, high intensity
training results in a marked reduction in endurance volume, which is the primary
contributor to overuse
Military

injuries

sustained

within

the

endurance

based

Basic

Training regimen. Although there are mixed reports on the effect of

concurrent training and the rate of strength adaptation, it appears that high
volume/low intensity endurance training, compared to low volume/higher intensity
endurance training has a greater negative impact on the rate of strength adaptation.
Furthermore, it appears that there is a benefit to strength training within a concurrent
setting, as even though strength rate of adaptation is compromised, an increase in
performance is generally observed.
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CHAPTER THREE: METHODS
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3.0 METHODS
3.1 Subjects
Forty six recreationally active undergraduate university students volunteered
to participate in this investigation. Subjects had not engaged previously in
formal (organised and frequent) resistance
experience

and

were

free

training

or

had

manual

handling

from musculoskeletal injury. Prior to participation,

subjects completed a medical screening and

physical activity

questionnaire

(Appendix 4) (Baecke et al.,, 1982), with each subject providing written voluntary
consent.

This

study

was

approved

by

the

Human

Research

Ethics

Committee, University of Wollongong (Approval number HE10/367).

3.2 Experimental design
This investigation was conducted in three phases (Figure 3.1), a baseline assessment
phase (Phase One), an 8‐week training intervention (Phase Two) and re‐assessment
phase upon completion of the training regimen (Phase Three).

Phase One
Baseline testing
(5 weeks)

Phase Two
Training
intervention
(8 weeks)

Phase Three
Post testing
(4 weeks

Figure 3.1 Overview of Experimental Design: There were three phases within the
experimental design; Phase One (baseline testing), Phase Two (training intervention; one week
of familiarisation and eight weeks of training) and Phase Three (post testing)
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Phases One and Three included a range of physical assessments that were classified
into six areas: i) functional lifting strength, ii) generic and laboratory based strength

assessments, iii) aerobic power, iv) anthropometry, v) agility and power and vi) field‐
based assessments currently employed by the Australian Defence Force. Prior to the
commencement of the assessments in Phase One, subjects were familiarised with the
performance requirements of each task. Assessments within Phase One and Three were
conducted over six separate laboratory visits, with a minimum of 48 hours between
each assessment day and were all performed by the primary researcher.

Upon completion of Phase One assessments, subjects were randomly assigned to one
of two experimental groupings, Experimental Training (ET) or Military Training (MT)
where each subject acted as their own control throughout the intervention period. The
random allocation of subjects was performed using a statistical software program
GraphPad PRISM Version 5.0 (GraphPad Software, San Diego California U.S.A.) where
the primary researcher was blinded from this stage of the investigation.

Prior to commencement of Phase Two, the 8‐week training regimen, subjects attended
three familiarisation sessions within their respective training regimen, all performed
within a one‐week period. Familiarisation of the ET group required subjects to observe
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demonstrations and perform a range of endurance and resistance exercises that were
used during the 8‐week training regimen. Similarly, a familiarisation period was also
conducted for the MT group, where subjects were required to observe demonstrations
and perform two endurance sessions and a resistance circuit session. Upon completion
of the familiarisation sessions, subjects commenced the 8‐week training regimen in
their respective groups, both performing identical time commitments for their regimen.

3.3 Exercise Interventions
This investigation utilised two training regimens, which were both ‘equal’ in time
commitments. These included a modified military training regimen that simulated
the type of training currently employed for new recruits within Basic Military
Training at Blamey Barracks Kapooka, Wagga Wagga, New South Wales,
Australia. In contrast, the experimental regimen was developed by researchers as an
alternative means of improving physical performance in order to meet task demands
commonly encountered within the Australian ARMY. In order for the sessions within
the ET and MT regimen to be applicable to a military environment, each session was
completed within a 60‐minute period, at a frequency of three times per week. Apart
from the similarity of time being matched, each regimen was markedly different. The
MT regimen (Figure 3.3) included both resistance and endurance training via current
military training methods; long, slow distance running, circuit resistance training and a
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paced pack march. The ET regimen (Figure 3.2) also encompassed both endurance and
resistance training, however, differing with changes in intensity and volume of the
endurance sessions to enable a more comprehensive resistance training program to be
performed, without compromising aerobic adaptations.

3.3.1 Military training regimen
The military training regimen was an adapted version of the current Australian
ARMY recruit Basic Military Training program performed at Blamey Barracks
Kapooka, Wagga Wagga, New South Wales, Australia (Fogarty, 2009; Orme, 2005).
Eighty physical training sessions are normally performed within a 12‐week Basic
Military Training program. The sessions were reviewed by the researcher and then
categorised into themed clusters, with the percentage of total time spent within each
cluster over the entire 80 sessions calculated. The cluster with the largest percentage
therefore represented the most common type of physical training performed, during
Basic Military Training. The main clusters identified were paced pack marching (16%),
endurance running (17%) and circuit sessions (17%). Other clusters included
swimming, rope climbing, instruction and assessment sessions, which were not
included within the adapted version (Fogarty, 2009; Orme, 2005).
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Experimental Training
Regimen

Endurance

Endurance
Intervals

High intensity
sprints

Resistance

Strength
Protocol

Power
Protocol

Hypertrophy
Protocol

Figure 3.2: Experimental regimen comprised of both endurance
and resistance training. There were three resistance components
and two endurance components. Within a session, the resistance
exercises were performed prior to endurance components.
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Military Training
Regimen

Resistance

Endurance

Continuous
Run

Whole body
Circuit

Pack March

Figure 3.3: The Military regimen comprised of both endurance
and resistance training, with two sessions primarily endurance
based and one session resistance based.
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The adapted military training regimen, consisted of three sessions per week, and was

not performed in any specific order. Subjects were required to perform a circuit‐based

exercise session, a continuous running session and a loaded paced march with a

weighted military pack and waist webbing (total mass 29.2 kg). The warm up and cool

down was identical for each session and was standardised as per the current

Australian ARMY Basic Military Training protocol. The standardised warm up

consisted of, a combination of whole‐body, upper and lower limb movements, and a

slow jog over a 10‐minute period. The cool down included stretching of the main

muscle groups used within the session.

These sessions were not performed in a specific order. As per military doctrine,

progression of the military regimen was pre‐programmed for each session and was

identical for each subject. Furthermore, as observed within a military environment,

subjects were not given an individual specific measure of intensity; however subjects

were guided to perform at a ‘hard’ to ‘very hard’ pace, for two out of three sessions;

the continuous run and circuit sessions. Within a military environment, exercise
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intensity is not controlled, but it is a guided measurement for the personal instructors

to administer. Within the third session; pack march, all subjects were required to walk

with weighted packs at a fixed pace of 5.5 km∙hr‐1 (Fogarty, 2009; Orme, 2005). The

continuous run and pack march sessions were performed on a grassed oval, whereas

the circuit was performed in a dedicated exercise space within Illawarra Health and

Medical Research Institute at the University of Wollongong. In the event of rain, an

indoor 400 m sports running track was used. Each subject attended each of the three

supervised training sessions per week, with a minimum of 80% of attendance required

to be considered as completing the experimental training regimen. The adapted

version of the military training regimen was approved by military personnel and

Defence Science and Technology Organisation, Melbourne, Australia.

3.3.1.1 Circuit training session
Whole body muscular strength and endurance was targeted within the circuit training

session, with the aim of improving overall physical capacity (Fogarty, 2009; Orme,
2005). Prior to the commencement of the 8‐week training regimen, a familiarisation
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session was conducted to ensure each subject was able to perform the training
exercises. Subjects were shown the correct technique, breathing and cue words that
were to be used within the training intervention for each exercise. Following
demonstrations, the subjects performed unloaded or light repetitions of each exercise,
completing two entire circuits. Prior to the circuit, a military specific warm up was
performed, where subjects completed a 400 m jog, followed by running on the spot and
simultaneously performing upper body movements (freestyle, backstroke, chest press,
shoulder press), and lower body movements (lunges, squats) This warm up was
identical to that prescribed to military personnel at Blamey Barracks Kapooka, Wagga
Wagga, NSW, Australia.

Following the warm up, subjects completed a series of exercises within a circuit format.
The exercises performed within the circuit session were a mixture of exercises
identified within the sessions of the current Australian ARMY Basic Military Training
program. Upper limb (three‐phase push up, medicine ball shoulder press, barbell bent
over rows), lower limb (dynamic lunges, medicine ball squats, step ups), speed (shuttle
sprints), trunk (dorsal raises, crunches and sit ups) were targeted. Most exercises were
performed using body mass, however some exercises were performed using medicine
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balls (squat and shoulder press) or a barbell (bent over row) (Table 3.1).

Each exercise was performed for one minute, with all subjects encouraged to perform
as many repetitions within this period as possible. A maximum of three continuous
circuits were performed during this session. The rest period between each exercise was
monitored by an interval timer (Gymboss ®, St Clair, Michigan, United States) that
signalled when subjects would move to the next station. The primary researcher
communicated when 30 seconds and 45 seconds had passed, with the final 10 seconds
of each station counted down to zero, to aid as encouragement and motivation and to
make sure the circuit represented what was viewed within a military setting. The rest

period was reduced from 15 seconds between each station, progressing until there
were no rest periods between exercises, occurring from week three onwards (Table
3.1).

To more closely replicate the military training environment, each circuit was
performed within a group setting, where the primary researcher was present at each
session to ensure a reliable technique and consistent motivation . During each circuit
session, two subjects wore a heart rate monitor, so that across the entire intervention
heart rate was measured for each subject (POLAR Vantage NV, Kempele, Finland),
which was monitored throughout, and provided a rating of perceived exertion (RPE)
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measurement at the end of the circuit. Subjects were instructed to work at a ‘Hard to
Very Hard’ equivalent to a rating of 15‐17 on the Borg RPE scale, a subjective
measurement of intensity, is defined as the “act of detecting and interpreting
sensations arising from the body during physical exercise” (Noble & Robertson, 1996).
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Table 3.1: Modified military training (MT): circuit session

CIRCUIT
Warm Up

‐400 m slow jog
‐30 second intervals (repeat twice)

Military Specific

Run on spot, high knees, boots to glutes, star jumps, dynamic lunges (left and right)
‐10 second intervals (repeat twice)

Protocol

Jog on spot whilst doing upper limb movements (freestyle, backstroke, shoulder press and chest press)
Sit Up
Crunch
Keeping pelvis and feet on the ground, slide hands up Keeping pelvis and feet on the ground, slide hands up thighs

‐10 stations, 1 min/station
High intensity, low rest

Monitoring:
‐Heart rate
‐Rating of perceived exertion
(6‐20 Borg Scale)
(Fogarty, 2009; Orme, 2005)

thighs until the wrists touch knees.

until the fingertips touch knees, flexing the spine.

Backward lunge
Place hands on hips, take a step backwards, lowering back
knee to the ground. Put weight through front heel to return
to standing.

Squat
With medicine ball close to the chest, perform a squat with
weight through their heels

Bent Over Row
Slightly bend knees, tilt at the hips, keeping spine neutral
and elbows in tight to the body, pull barbell towards mid

Dorsal Raise
Lying prone, lift alternate arm and leg just off the ground,
holding for 2 seconds each

stomach line, squeezing shoulder blades together
Shoulder Press
With medicine ball close to chest level, shoulder blades
squeezed together and feet in split stance. Keeping the
greatest distance between ears and shoulders, subjects
raised the ball above their head.
Step Ups
Place hands on hips, stepping up and down off the balance
beam, in the sequence “left, right, left, right” as fast as
possible.

3 Phase Push Up
Lying prone, with arms straight above head, circle arms out
to the side, so that hands are underneath shoulders,
proceeding into extension of elbows into push up phase.
10 m shuttle
Sprint as fast as possible over the 10 metre distance, slowing
only for change of direction.

Notes: Generalised whole body circuit, utilising mainly body weight. Medicine balls ranged between 3 and 6 kg, barbell was a standardised 6kg. Subjects were
instructed to perform as many repetitions as possible within the 1 minute period. Progression: Week 1 and 2: 15 second rest period between stations, first and last two
stations at 50% self-perceived effort. Week 3‐8: No rest between stations, first and last two stations at 50% self-perceived effort.

Page 78

3.3.1.2 Continuous run sessions
The aim of the continuous run session was to improve aerobic power, stamina and
overall physical fitness within a military setting (Fogarty, 2009; Orme, 2005). To
introduce subjects to continuous running training, the first two weeks included a
mixture of variable pace running and discontinuous interval style training running.
Prior to each continuous running session, a military specific warm up was performed
(Section 3.3.1.1). A 460 m circular track was marked out with cones, allowing distance
to be recorded for each training session. In the third week, subjects completed 25
minutes of continuous running, which was increased by 10 minutes each week until 45
minutes of continuous running, by week 5 was reached. This duration of running was
then maintained for the remaining three weeks of the training regimen. Subjects were
advised to run at a ‘Hard to Very Hard’ exercise intensity, equivalent to an RPE of 15 to
17 (Borg, 1982) for the entire duration of the session. Subjects were provided with
verbal encouragement to maintain exercise intensity and heart rate was recorded using
a heart rate monitor (POLAR Vantage NV, Kempele, Finland) every 5‐minutes (Table
3.2).

Page 79

Table 3.2: Modified military training (MT): continuous run session

CONTINUOUS RUN
Warm Up
Military Specific

‐1 x 400m slow jog
‐30 second intervals (repeat twice)
Run on spot
 High knees
Boots to
glutes
Star
jumps
Dynamic lunges (left and
right) ‐10 second intervals (repeat twice)
Jog on spot whilst doing upper limb movements (freestyle, backstroke, shoulder press and chest
press)

Protocol (45 mins)

Endurance Continuous Run 15‐17 RPE

Monitoring:
‐Heart rate
‐Rating of perceived exertion
(6‐20 Borg Scale)

Progression:
Week 1‐2: Introduction to running technique (Fartlek, Indian file formation 70% intensity, Distance based 2 x
50, 75, 50, 75% and Time based 2 mins 80%, 1 min 60 %) 20 minutes
Week 3: 25 minutes continuous running
Week 4: 35 minutes continuous running
Week 5‐8: 45 minutes continuous running

(Fogarty, 2009; Orme, 2005)

Notes: Warm up was standardised over the three sessions, with subjects performing a military specific warm up consisting of a combination of whole
body, upper and lower limb movements and a slow jog to prepare the body for exercise. Week1 and 2 running intensities were self perceived. An
indoor sports running track was used for wet weather option.
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3.3.1.3 Weighted pack march
A loaded pack march is a common activity performed within the military, especially
during deployment, representing resilience and the importance of team work (Fogarty,
2009; Orme, 2005). Familiarisation for the pack marching session included correct
placement of the backpack and webbing to ensure optimal distribution of the mass
between the midpoint of the iliac crest and greater trochanter, correct adjustment of the
pack straps, how to hold the simulated 4.2 kg ‘weapon’ and appropriate marching
technique (Figure 3.4). Subjects also practised the paced marching speed set at 5.5 km‐1
in the partnered formation. Within the familiarisation session, the backpack and
webbing were not loaded.

Prior to commencing the pack march, a military specific warm‐up (Section 3.3.1.1) was
performed and a heart rate monitor (POLAR Vantage NV, Kempele, Finland) was
attached. In week one, each subject was required to carry an additional mass of 15 kg
for the entirety of the march, with the pack weighing 10 kg and the webbing 5 kg.
Week two, total march carriage load was 19.5 kg made up of a backpack weighing 12.5
kg and webbing 7 kg. Week three total carriage mass increased to 26.2 kg, backpack 15
kg , webbing 7 kg and a 4.2 kg simulated weapon. Week four, the total carriage mass
was 29.2 kg, the maximum mass to be used within the training regimen, consisting of
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an 18 kg backpack, 7 kg webbing and 4.2 kg simulated weapon (Table 3.3). A mass of
29.2 kg is commonly carried by soldiers and termed by the military as ‘fighting order’
(Fogarty, 2009; Orme, 2005). Upon reaching the maximum load carriage mass in week
four, the distance of the loaded march was then progressed from 2.4 km in week four
to 4.2 km by week eight, with all loaded marching sessions performed at a speed of 5.5
km∙h‐1.

All pack marches were conducted in a group format, subjects were required to
maintain a paired formation and work as a team to complete the entire march distance,
as similarly performed during the Basic Military Training regimen at Blamey Barracks
Kapooka, Wagga Wagga, NSW, Australia. Verbal encouragement was provided within

each of the sessions to ensure the marching speed remained at 5.5 km∙h‐1. Heart rate
and RPE was recorded upon each successful circuit of the 460 m track.
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Backpack

Simulated
weapon
Webbing

Figure 3.4: Pack march equipment set up (Fighting Load). The backpack (18 kg) was
adjusted so it was high on the torso, with no gap between the bag and the body of the
subject, with straps tightened accordingly. The webbing (7 kg) was adjusted so the
mass sat between the midpoint of the iliac crest and greater trochanter. The steel rod,
which was designed to represent the mass of a weapon (4.2 kg), was held in front of
the body throughout entire march. A heart rate monitor was positioned at sternum
level, underneath clothing.
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Table 3.3: Modified military training (MT); pack march session

PACK MARCH
Warm Up
Military Specific

Protocol
‐5.5km/hour
‐18kg pack, 7kg webbing, 4.2kg
weapon

(Fogarty, 2009; Orme, 2005)

‐1 x 400m slow jog
‐30 second intervals (repeat twice)
Run on spot
High knees
Boots to
glutes
Star
jumps
Dynamic lunges (left and right)
‐10 second intervals (repeat twice)
Jog on spot whilst doing upper limb movements (freestyle, backstroke, shoulder press and chest press)
Week 1: 10 kg backpack, 5kg waist webbing, paced for 2.4km
Week 2: 12.5kg backpack, 5kg waist webbing, 4.2kg weapon, paced for 2.4km
Week 3: 15 kg backpack, 5 kg waist webbing, 4.2kg weapon, paced for 2.4km
Week 4: 18kg backpack, 7kg webbing, 4.2km weapon, paced for 2.8km
Week 5‐8: 18kg backpack, 7kg webbing, 4.2km weapon, paced for 3.2km, progressing up to 4.2km by week 8.
Monitoring
‐Heart rate
‐Rating of perceived exertion (6‐20 Borg Scale)

Notes: Pack marches were paced at 5.5km per hour by the primary researcher for all sessions over the 8 week period. Mass was gradually increased until the final mass
of 18kg backpack, 7kg webbing and 4.2kg weapon was reached, thereafter distance was increased to progressively overload subjects. Short, quick stride marching
technique was encouraged, with verbal encouragement provided regularly. Subjects marched in a formation pattern, with two people side by side and the shortest
subjects at the front. There was a minimum of 3 subjects and a maximum of 6 within one session. This formation had to be maintained over the entire march,
encouraging team work and participation
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3.3.2 Experimental training regimen
Experimental training (ET) was designed to target occupational performance,
specifically lifting capacity. A task analysis of the occupational lifting tasks routinely
performed by current

enlisted ARMY

personnel soldiers

collectively

in

A u s t r a l i a was undertaken in conjunction with Defence Science and Technology
Organisation. Three main components were identified. First, the major muscles
involved within each lifting task were identified, second, the range of motion and
planes of movement required to perform each of the lifts were recorded and third
the physical capacities required to perform the lifting tasks were determined. From
this analysis, a training regimen that covered each of these components was
developed.

Prior to the commencement of the 8‐week experimental training intervention, three
familiarisation sessions were conducted. The three sessions, two resistance training
and one interval‐style endurance training session, was performed within a seven day
period. During each resistance training familiarisation session, each exercise was
demonstrated with correct and poor technique highlighted. Subjects then performed
body weight and low load (30% maximum) repetitions of each exercise. Thus, all
subjects were familiar with all the exercises to be used during the 8‐week experimental
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training regimen.

Subjects were required to attend the laboratory gym on three occasions each week. The
first session focused on the development of strength with two sets of 4‐6 RM exercise
prescribed. The second session subjects performed a hypertrophy resistance training
protocol consisting of three sets of 10‐15 RM exercise followed by field‐based interval
running using a 1:1 work rest ratio. The third session of each week focused on the
development of power, with subjects completing six repetitions using an 8‐12 RM load
at high velocity, followed by field‐based high intensity sprints, with a work rest ratio of
1:8. Within each session, resistance exercises were performed prior to endurance
exercises to reduce fatigue and promote good technique throughout resistance
exercises. The primary focus of the resistance training sessions was the incorporation of
multi‐joint, large muscle exercises (Fleck & Kraemer, 2004; Kraemer & Ratamess, 2004).

Each subject attended one of each of the three supervised training sessions per week,
with a minimum of 80% of attendance required to be considered as completing the
experimental training regimen. An individualised program was created for each
subject, with performance tracked via a training diary completed number of exercise
sets, repetitions and RPE for each exercise. Progression of exercises were only
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performed by the primary researcher and were conducted via an increase in mass.
Mass was increased when subjects were able to exceed the target repetition
maximum range by two repetitions on two consecutive training sessions and had the
potential to do more, load was increased. The primary researcher ensured that each
training session did not go beyond a 60‐minute duration, thus making the intervention

comparable to the military training regimen. This meant that the exercises and rest
periods had to be carefully calculated to make sure exercise was performed within the
60-minute duration. When wet weather prevented aerobic interval sessions to be
conducted

outdoors,

subjects

completed

the

sessions

on stationary cycles

(Ergomedic, Vansbro, Sweden) and treadmills (Landice, NJ, USA), within a
designated gym area at the Illawarra Health and Medical Research Institute,
University of Wollongong, Australia.

3.3.2.1 Strength session
The strength resistance training protocol consisted of two sets of 4‐6RM loaded exercise
with three minutes rest between each set. Such protocols have been shown to be
effective in the development of muscular strength (Kraemer et al., 2001; Larson &
Potteiger, 1997). Progression of load was conducted as per Section 3.3.2. Prior to the
commencement of each session, a warm up was performed consisting of 10 repetitions
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of 30‐50% 1RM for each the prescribed exercises (Table 3.4). F o l l o w i n g
t h e w a r m u p , t h e subjects were then required to commence the resistance
training regimen, performing a range of multi‐ joint exercises. These exercises were
performed each week, with gradual progression of mass as the only alteration
completed by the researcher. Following the main component of the session, static
stretching of the main

muscle

groups,

specifically

(rectus femoris, vastus intermedius/medialis/lateralis),
semi

tendinosis,

focusing

hamstrings

on

quadriceps

(bicep femoris,

semi membranosis), hip extensors (gluteus maximus), upper limb

(bicep brachii, triceps brachii, anterior deltoid), chest (pectoralis major/minor) and calf
muscles (gastrocnemius and soleus), served as a cool down to the training session.
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Table 3.4: Experimental training (ET); Strength session
STRENGTH Week One-Week Eight

Resistance
2 sets, 4‐6RM,
3 minutes rest
(Fleck &
Kraemer, 2004)
Monitoring ‐
Rating of
perceived
exertion (0‐10
Borg Scale)

Front Barbell Squats
Warm Up: 1 x 10 repetitions 30‐50RM

Chest Press
Warm Up: 1 x 10 repetitions 30‐50RM

Dead Lift
Warm Up: 1 x 10 repetitions 30‐50RM

‐Place bar on muscular portion of anterior
shoulder, keeping elbows high throughout
whole movement
‐Keeping weight through the heels and
neutral spine, squat, driving hips backwards,
keeping knees behind toes.
‐Reverse movement by pushing hips forward
to become upright.

‐Sit upright with head, shoulders & hips
supported against the pads with feet on the
ground.
‐Keeping chest high, push handles away
from the body, keeping shoulders against
back rest pad. Reverse the movement, back
to the start position

‐Slight squat and bend of knees with a
forward torso tilt, backward pelvic tilt
with neutral spine.
‐Keep bar as close to the shins as
possible, chest high.
‐Reverse movement by pushing through
heels and driving hips forward.

Shoulder Press
Warm Up: 1 x 10 repetitions 30‐50RM

Static Lunges
Warm Up: 1 x 10 repetitions 30‐50RM

‐Handles should be in line with shoulders,
with head and shoulders resting on pads.
Contracting abdominals, keeping shoulders
down, push handles upwards, return to start
position

Aerobic

‐Holding dumbbells in each hand each side
of the body, take a large step forward, ‐
greater than that of hip width.
‐Keeping weight through the front heel,
raise the back heel off the floor until the toes
are only in contact with the ground. ‐
Pushing through the front heel, drop the
back knee to just above the ground and
reverse movement to stand.
NIL‐ no aerobic stimuli was performed within this session

Notes: The warm up set was completed prior to each respective exercise, for example, the warm up for the chest press was performed prior to the chest press exercise.
Each subject had a file with their individualized exercise prescription weights, with progression performed accordingly. For each session, the subject recorded their
rating of perceived exertion for each exercise, along with repetitions and weights for each exercise and session. There were 2 spotters for the squat rack, with the primary
researcher present at each of the training sessions to supervise and monitor technique and provide encouragement.
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3.3.2.2 Hypertrophy and interval training
This training session had two distinct components; hypertrophy resistance training
regimen followed by an aerobic interval training session. The resistance training
protocol consisted of three sets of 10‐15 RM loaded exercise with 1‐minute rest between
each set which has been shown to be effective in the development of muscle mass and
strength (Bird et al., 2005; Fleck & Kraemer, 2004). The aerobic intervals performed
within the session were to a 1:1 work to rest ratio, with 3‐minute running intervals
interspersed with 3‐minutes rest. Interval running of this format has been well
established to develop cardiorespiratory fitness at a quicker rate than continuous
performance (Billat, 2001).

A warm up consisting of 10 repetitions at 30‐50% 1RM for each exercise was completed
by all subjects prior to each hypertrophy session, progression of load was conducted as
per Section 3.3.2 . Subjects then completed the required resistance exercises, taking
approximately 30 minutes to complete (Table 3.5). Repetitions, sets and RPE were
recorded at every session within a training diary. Following the resistance exercises
subjects were fitted with a heart rate monitor (POLAR Vantage NV, Kempele, Finland)
and were progressed to the grassed oval for interval training. A specific warm up was
conducted over a 20 m distance. Subjects performed two 20 m repetitions of each of the
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following: bounding, high knees, heel kicks and accelerations prior to the
commencement of the interval training session. The interval training involved three

sets of 3‐minute running intervals at 75‐85% heart rate reserve (Formula 1 and 2),
followed by a 3‐minute active rest period, where subjects were encouraged to
continue walking; working in a 1:1 work to rest ratio. Heart rate and RPE were
recorded upon completion of each interval. Upon completion of the interval subjects
performed stretching as per Section 3.3.2.1.
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Formula 1: HRR= MHR‐RHR
Where:
HRR = Heart rate reserve
MHR = Maximal predicted heart rate (220‐age)
RHR = Resting heart rate

The heart rate reserve can then be used to determine a relative exercise intensity
specific to the individual (formula 2).
Formula 2: HR training range = HRR x intensity (%)
Where:
HRR = Heart rate reserve
intensity = percentage of maximum

Thus, for a 21 year old with a resting heart rate of 49 and a maximum heart rate of 199,
the heart rate reserve would be calculated as 150 beats per minute. For relative exercise
intensity of 60 and 80% of maximum, a range of 141 and 170 beats per minute
respectively would be calculated
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Table 3.5: Experimental Training (ET); Hypertrophy
HYPERTROPHY

Resistance
3 sets, 10‐15RM, 1
minute rest
(Fleck & Kraemer, 2004)
Monitoring
‐Rating of perceived
exertion (0‐10 Borg
Scale)

Aerobic
(20mins)
Monitoring
‐Heart rate post run
‐Rating of perceived
exertion (6‐20 Borg
Scale)

Back Squats
Warm Up: 1 x 10 repetitions 30‐50RM
Protocol:
‐Place bar on muscular portion of upper traps throughout
whole movement
‐Keeping weight through the heels and neutral spine,
squat, driving hips backwards, knees behind toes.
‐Reverse movement by pushing hips forward to become
upright.

Upright Row
Warm Up: 1 x 10 repetitions 30‐50RM
Protocol:
‐Stand with feet in a split stance, with slightly bent knees, rest
barbell in front of legs
‐Leading with elbows, slide the barbell upwards, keeping shoulders
away from ears, until the bar is mid chest

Bench Press
Unilateral Front Raises
Warm Up: 1 x 10 repetitions 30‐50RM
Warm Up: 1 x 10 repetitions 30‐50RM
Protocol:
Protocol:
‐Lying supine, with feet either side of the bench, bar in line
‐In a split stance, keeping shoulder blades depressed and retracted,
with midline of chest, keep chest high, lower bar down in
flex shoulder anteriorally, with a slight bend in elbows
controlled, till bar is just above chest, extend elbows to
push up.
Warm Up: 20m intervals (high knees, boots to glutes, bounding, acceleration) x 2.
Protocol:
Endurance Interval 1:1 work to rest ratio
65‐75& HRR
3 minutes running: 3 minutes active rest (walking)

Notes: The warm up set was completed prior to each respective exercise, for example, the warm up for the back squats was performed prior to the back squat exercise.
Each subject had a file with their individualized exercise prescription weights, with progression performed accordingly. For each session, the subject recorded their
rating of perceived exertion, repetitions and weights for each exercise and session. There were 2 spotters for the squat rack, with the primary researcher present at each
of the training sessions to supervise and monitor technique and provide encouragement. HRR= heart rate reserve (maximum HR‐resting HR, as an exercise intensity
percentage. Resistance protocol was performed prior to aerobic protocol.
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3.3.2.3 Power and high intensity sprints
This session was completed in two components, firstly explosive resistance regimen,
followed by aerobic high intensity sprint intervals. The resistance training power
protocol included six repetitions of 8‐12RM interspersed with 3‐minute rest periods to
ensure explosive patterns were performed for each repetition (Table 3.6). Explosive
strength training has been shown to improve endurance running performance
(Paavolainen et al., 1999) and tasks involving explosive movements performed within
an occupational setting (Sharp et al., 2009).

A familiarisation session was performed similar to that conducted previously (Section
3.3.2.1). All exercises were demonstrated by the primary researcher, followed by each
subject performing body weight or low load (30% maximum) repetitions of the
exercises. Prior to the power resistance protocol, a warm up (Table 3.6) was performed
as outlined in Section 3.3.2.2. The first 30 minutes of the session was dedicated to
explosive power resistance training of three sets of 8‐10RM, with subjects performing
six repetitions to ensure actual powerful repetitions were performed and were not
reaching fatigue. Three minutes rest in between each set ensured phosophocreatine
regeneration (Harris et al., 1976). Progression of load was conducted as per Section
3.3.2. Exercise order was not standardised, however multi‐joint exercises with large
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muscle mass were encouraged to be performed prior to single joint, smaller muscle
mass exercises (Bird et al., 2005; Kraemer, 2002; Kraemer & Ratamess, 2004).

Following the power resistance exercises, a heart rate monitor was secured to each
subject, and subject’s progressed to the grass ovals for the endurance component of the
training session. A specific warm up, as outlined Section 3.3.2.2 was performed prior to
the high intensity set. Five sets of 30 second sprints at 85‐95% heart rate reserve,
separated by 4‐minutes of active recovery rest periods were performed in a 1:8 work to
rest ratio. Heart rate and RPE measures were recorded post each interval.
Upon completion of the high intensity sprints, stretching was performed as set out in
Section 3.3.2.1 as a formal cool down period.
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Table 3.6: Experimental Training (ET); Power

POWER
Resistance
(30 mins)
Light Week:
10RM,3 x 6 reps, 3 mins rest
Heavy Week
8RM, 3 x 6 reps, 3 mins rest
(Fleck & Kraemer, 2004)
Monitoring
‐Rating of perceived exertion
(0‐10 Borg Scale)

Aerobic
(20mins)
Monitoring
‐Heart rate‐15 sec post sprint
‐Rating of perceived exertion
(6‐20 Borg Scale)
(Burgomaster et al., 2008)

Jump Squat
Warm Up: 1 x 10 repetitions 30‐50RM
Protocol:
‐Holding a medicine ball close to chest, squat and
explosively jump outwards as far as possible, landing in a
deep squat, followed by explosively driving through legs,
propelling upwards as high as possible.
‐Complete repetitions in succession with no rest in between

Chest Pass
Warm Up: 1 x 10 repetitions 30‐50RM
Protocol:
‐‘Hot potato’ catch and pass medicine ball as quickly as possible
with a partner.

Split Lunges
Front Raise
Warm Up: 1 x 10 repetitions 30‐50RM
Warm Up: 1 x 10 repetitions 30‐50RM
Protocol:
Protocol:
‐Standing in a split stance, dumbbells on shoulders bend
‐Place theraband underneath unilateral foot, explosively induce
knees and explosively propel upwards, alternating feet
shoulder flexion, whilst retracting and depressing scapula.
midair, landing on opposite foot.
Warm Up: 20m intervals (high knees, “boots to glutes”, bounding, acceleration) x 2.
Protocol: High Intensity Interval 1:8 work to rest ratio 80‐90%HRR
30 seconds: 4 minutes active recovery (walking)
Wk 1: 50%, 50%, 75%, 75%, 100%
Wk 2: 50%, 75%, 75%, 100%, 100%
Wk3: 75%, 75%, 100%, 100%, 100%
Wk4: 75%, 100%, 100%, 100%, 100%
Wk 5‐8: 100%, 100%, 100%, 100%, 100%

Notes: Explosive movements targeting the muscles utilised in lifting. Medicine balls mass ranged from 2‐6kg, dumbbells from 2.5‐7kg. Resistance protocol was
performed prior to aerobic protocol. The warm up set was completed prior to each respective exercise. Each subject had a file with their individualized exercise
prescription weights, with progression performed accordingly. For each session, the subject recorded their rating of perceived exertion, repetitions and weights for each
exercise and session. The primary experimenter was present at each of the training sessions to supervise and monitor technique and provide encouragement. HRR= heart
rate reserve (maximum HR‐resting HR, as an exercise intensity percentage.
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3.4 Experimental procedures
Six sessions were conducted to measure physical capacity within Phase One, each
session separated by a minimum of 48 hours. These sessions included the
measurement of anthropometry, functional lifting capacity, generic and lab based
strength, power and agility, aerobic power and current military physical capacity
assessment; Basic Fitness Assessment consisting of a 2.4 km run, push‐ups and sit‐ups

Phase One

(Figure 3.5).

Session One
Familiarisation

Session Two
Anthropometric
1RM box lift, 1RM
pack lift

Session Three
Vo2peak, grip strength,
isokinetic and
isometric knee
extension

Session Four
MAL and repetitive
Box

Session Five
6RM squat, 1RM
bench press, agility,
vertical jump

Session Six
2.4km run,
push ups, sit ups

Figure 3.5: Phase One baseline testing sessions. There were six sessions
encompassing all aspects of physical capacity. There was a minimum of
48‐hours between each testing session. The sessions were completed in
sequence.
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3.4.1 Familiarisation
To reduce the effect of neural adaptations and learning effects, all subjects prior to

commencement of Phase One, participated in an extensive familiarisation session of all

the assessment tasks to follow (Genaidy et al., 1990). All subjects received instructions

on the appropriate lifting technique to be used during the occupational lifting

assessments. To ensure the instructions were standardised, a video containing still

footage of correct and incorrect lifting technique was shown to each subject during the

familiarisation session and prior to each baseline assessments that required lifting.

Incorrect lifting technique was defined as a loss of neutral spine, excessive lordosis of

the spine, a stooped lift, looking towards the feet, sliding of the box onto the shelf or

uncontrolled placement of the box onto the shelf. Correct lifting technique was defined

as placing feet either side of the box, maintaining a neutral spine throughout the lift,

forearms not coming in contact with the 1.5 m high lifting shelf and placing the box on

the shelf in a controlled manner. Subjects were then positioned for the isokinetic and

isometric strength assessment. Once optimally positioned, the position details were
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recorded to allow for duplication of subject location for subsequent assessments.

Subjects then practiced knee extension and flexion at 600∙sec‐1 and 1200∙sec‐1,

performing five complete repetitions for each speed. While maintaining a seated

position, the subjects performed a practise grip strength assessment on each hand.

Upon completion of the strength assessments subjects were required to perform two

minutes of treadmill exercise at 5 km∙h‐1 and 8 km∙h‐1 or until they reported feeling

comfortable. Subjects then rested for 10 minutes and were then required to complete 10
repetitions of squat and bench press, with a bar only and then with a 20‐30% of 1RM

load. Finally, subjects completed three practice trials of the Illinois agility run,

increasing velocity with each trial and two attempts at a vertical jump.

3.4.2. Physical activity and anthropometric analysis
Anthropometric data was used to define subject characteristics and to distinguish
segmental stature differences that may affect lifting capacity as illustrated in Figure 3.6
(Pheasant & Haselgrave, 2006). Measurement of mass, stature, pelvic height, shoulder
height and grip length were recorded. A questionnaire was also conducted to assess
physical activity that may have occurred outside that prescribed within the training
interventions. All standardised instructions can be viewed in Appendix 1.
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3.4.2.1 Habitual physical activity questionnaire
To track habitual physical activity status throughout testing regimen, subjects
completed a questionnaire, encompassing work, sport and leisure habitual physical
activity (Baecke et al., 1982). Subjects completed this questionnaire at three different
stages throughout the intervention; baseline, week four and post testing to ensure
physical activity levels stayed constant throughout the training intervention. The
survey tracked habitual physical activity conducted within leisure hours, work time
and organised times.

3.4.2.2 Mass
Mass was measured to the nearest 0.1 kg on calibrated electronic scales (Soehlne,
Nassau, Germany) in exercise clothes, with shoes off (MacDougall, 1982; Pheasant &
Haselgrave, 2006).

3.4.2.3. Stature
Stature was measured via a portable stadiometer (Seca 220, Brooklyn, NY, USA) to the
nearest 0.1 cm from the floor to the crown; the highest point of the head. Subjects were
instructed to have their heels against the wall, stand up tall, look straight ahead and to
take a deep breath in. The height measurement was taken upon relaxation of breath
(MacDougall, 1982; Pheasant & Haselgrave, 2006). All measurements were taken with
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shoes off. Stature defines the population, provides guidance for acceptable standing
workspace height and is especially important in a military context standardised lift
heights (Pheasant & Haselgrave, 2006). Segmental differences in body segments such
as torso height, leg length and arm length may affect lifting capacity. Segmental stature
components were therefore measured within this study.

3.4.2.4. Pelvic height
Pelvic height was measured as the vertical distance from the floor to the lateral surface
of the greater trochanter to the nearest 0.1 cm. This measurement, along with shoulder
height, was used to calculate torso height (Pheasant & Haselgrave, 2006).

3.4.2.5. Shoulder height

Shoulder height was determined via locating the most lateral aspect of the scapula; the
acromion, whilst standing (MacDougall, 1982; Pheasant & Haselgrave, 2006).
Measurement was taken from the ground to the marked landmark. Shoulder height
was measured to the nearest 0.1 cm. All measurements were taken with shoes off.

3.4.2.6. Grip length
Grip length was measured to assess the functional length of the upper limb and the
zone of comfortable and convenient reach within a workplace setting. This is important
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when placing an object in front of the body, for example, a box on a shelf. The
measurement of the vertical distance from the acromion (most lateral aspect of the
shoulder) to the second knuckle was assessed (Pheasant & Haselgrave, 2006).
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Subject A

Subject B

Figure 3.6: Anthropometric influences on lifting capacity; stature, shoulder height, grip
length. With a standardised lift height of 1.5 m, Subject A is lifting above her head,
whereas Subject B is lifting to chest level. The different use of muscle mass and task
demand difficulty can be viewed, which is present daily within occupational trades.
The 1.5 m height is a common height of tanks and trucks within the Army (Ham et al.,
2010; Sharp et al., 2009).
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3.4.3 Occupational lifting
Maximal lifting capacity and maximal acceptable lift were performed using a two‐
phase lifting protocol to standardise lifting technique and minimise the risk of injury.
(Appendix 1). Phase one subject placed their feet either side of the box, performed a
squat movement whilst maintaining a neutral spine, they then lifted the box from
ground to knuckle height. The second phase of the movement required subjects to take
a small step forward on their preferred leg, flexing at the elbow joint and shoulder joint
to prepare the box for placement onto the 1.5 m platform and placing the box on the
shelf. Two lifting capabilities were assessed; maximal lifting capacity and maximal
acceptable lift, differing only by subjective, or self- perceived intensity measurement
(Snook & Irvine, 1967).

3.4.3.1. Maximal lifting capacity
Maximal lifting capacity was performed using two objects, either a 30.5 x 30.5 x 30.5 cm

box with a handle height of 20 cm (Figure 3.7) or a standard issue military pack 8 x
65 x 30 cm0 (Figure 3.8). The protocol used to determine maximal lift capacity was

identical for each of these objects. To establish maximal lifting capacity, a one
repetition maximum protocol was performed, where the maximum amount an
individual could lift for one repetition (Fleck & Kraemer, 2004), to the standardised
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1.5 m lift height, was identified.

All subjects lifted to a height of 1.5 m, which represents the tray height of a military
truck such as an Australian Army Mercedes UNIMOG (Ham et al., 2010; Sharp et al.,
2009). Enlisted soldiers are required to lift to this height routinely on a daily basis when
loading vehicles or working within stores (Sharp et al., 2009). Prior to the
commencement of each trial, the box or military pack were placed 30 cm away from
the lifting platform. The box and pack trials were randomised for each subject within
each session. Maximal box lift and maximal pack lift, performed within the same
session, were separated by a minimum of 15‐minutes, with a minimum of 3‐minutes
between each lift to ensure sufficient muscle recovery (Kraemer et al., 2001; Kraemer et
al., 2005; Larson & Potteiger, 1997)
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a

20cm

b

c
1.5m

30cm

Figure 3.7: Box dimensions and handle height (a), 1.5 m shelf (b) and weights
increments inserted into the box (c). The box was 30.5 x 30.5 x 30.5 cm, with a handle
height of 20 cm. There were two locks on the front of the box to lock and secure the
weights inside the box (a). The shelf was 1.5 m, with a 30 cm box distance from the
shelf (b). The weights inserted into the box comprised of 10 kg, 5 kg, 2.5 kg, 0.5 kg and
0.3 kg increments enabling the small (2.5kg), medium (5 kg), large (7.5 kg) and extra
large (10 kg) increments to be created throughout the protocol (c).
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Figure 3.8: Pack dimensions. The military backpack was a conventional ‘All Corps
Soldier’ backpack, with dimensions of 8 x 65 x 30 cm. The backpack was placed a
horizontal distance of 30 cm from the shelf, identical to that of the box.

Prior to the commencement of the session, a standardised video containing still footage
of correct and incorrect lifting technique was viewed. Subjects then completed a
standardised warm up consisting of ten repetitions of body weight squats, followed by
10 box lift and place repetitions of an 8 kg box to a height of 1.5 m. Upon completion of
each lift, the box was lowered by research assistants, who returned the mass back to
the original starting position.
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Maximal lift capacity was obtained via the one repetition maximum protocol (Fleck &
Kraemer, 2004). The protocol commenced at 8 kg with mass increasing either by small
(2.5 kg), medium (5 kg), large (7.5 kg) or extra-large (10 kg) increments, as specified by
the researcher. Subjects were blinded to the starting mass and the precise mass of each
increment. Following each lift, a subjective measurement of intensity via the 10‐point
rating of perceived exertion scale was recorded (Robertson, 2003). Maximal lifting
capacity was defined as the highest mass recorded for a successful lift, occurring
typically within 3‐5 attempts (Harman et al., 2008a). The test was terminated upon

failure to lift the object to the required height or upon display of poor lifting technique,
such as, loss of neutral spine, adopting a stooped lift, looking towards the feet, sliding
of the object onto the shelf or uncontrolled placement of the object onto the shelf. In
contrast correct lifting technique was defined as placing feet either side of the box,
maintaining a neutral spine throughout the lift, forearms not coming in contact with
the 1.5 m lifting platform and placing the object on the shelf in a controlled manner.

3.4.3.2 Maximal acceptable lift

In an occupational setting, maximal lifting capacity is not routinely utilised. Thus, an
estimate of the maximal acceptable lift, the maximum mass that can be lifted
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comfortably without muscular strain once per day was assessed (Snook & Ciriello,
1974; Snook & Irvine, 1967; Snook et al., 1970). Maximal acceptable lift is a
psychophysical measurement, whereby the subject controls the mass of the object by
tactile sensation, allowing them to work within their individual physical limits, or
what they deem “comfortable without strain” (Snook et al., 1970).

The maximal acceptable lift mass was determined by the subject increasing the mass of
a lighter box and decreasing the mass of a heavier box, with these adjustments
necessitated to be within 15% of each other. The heavy box was set at 95% of relative
maximal lift capacity assessment with the second box set at 33% of maximal lift
capacity. The order of the box mass was randomised. These measurements represented
the upper and lower limits of an individual’s lifting capacity. Due to the psycho‐
physical nature of the assessment, a specific instruction script was read aloud prior to
commencing the maximal acceptable lift protocol (Appendix 1).

The protocol commenced at either a heavier (95%) or lighter box (33%), lifting it to a
1.5 m shelf height. Upon placing the box on the shelf, the subject was asked if that
particular lift was “the maximum weight you could comfortably lift once per day,
without any strain”. If the subject responded in the negative, they were required to
indicate via scooping aggregate from a large container into a bucket. Once the subject
Page 109

was satisfied with the mass of the bucket (Figure 3.9a), the bucket was removed from

line of sight of the subject and weighed (Figure 3.9b). This mass was then used to
adjust the weight of box (Figure 3.9c). Subjects were blinded to the precise change, and
were therefore required to only use the tactile and subjective estimates to determine
adjustments in box mass. Thus, when conducting the protocol, the mass of the light
box (33%) would gradually increase with each lift, in contrast the mass of the heavy
box (95%) which would decrease in mass. The subject was encouraged to make as
many lifts and adjustments to the mass of each box required in order to identify
subjectively ‘the maximum amount you can comfortably lift once per day’. Between
each lift, there was a 1‐2‐minute rest period (Ham et al., 2010) and between the 95% and
33% lifting assessments there was a 15‐minute rest period (Kraemer et al., 2001). A
successful maximal acceptable lift was obtained if the final mass of the light and heavy
boxes varied less than 15%, with maximal acceptable lift mass taken as the average
final mass of the light and heavy boxes. RPE was recorded upon completion of each
lift.

3.4.4 Repetitive box lift, place and lower
Within physically demanding occupations, repetitive lifting is more regularly

Page 110

performed, rather than a ‘one off’ maximal lifting capacity box lift (Sharp et al., 2009).
Often, tasks involve the movement of multiple items from one point to another, such as
from a storage site onto a vehicle (Sharp et al., 2009). Such tasks require significant
muscular strength and endurance (Sharp et al., 2009). Thus, a repetitive lift place and
lower assessment was performed to assess muscular strength and endurance relevant
to occupational tasks undertaken by the military. Prior to commencement of the
repetitive lifting task, all subjects viewed the video as per Section 3.4.3.1. Warm up
consisted of 10 repetitions of body weight squats, followed by 10 repetitions of 8 kg
box lift place to 1.5 m and lower to the ground, without a cadence. Finally, subjects
performed an additional 10 repetitions, this time at a fixed cadence of 6 lifts∙min‐1.
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a

b

c

Figure 3.9: Maximal acceptable lift procedure. The mass was adjusted by the subject,
who scooped aggregate from one plastic tub to another, of the mass that they would
like to increase or decrease the mass of the box by (a). The primary experimenter
weighed the contents and the mass was either removed or added to the box, as per
subject instructions ((b) and (c)). This process continued until the subject was certain
that that was “the maximum mass they could comfortably lift once per day without
any strain”.
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The repetitive box lift, place and lower assessment, was performed with the identical
box and 1.5 m shelf used for the previous lifting assessments. A relative mass of 75% of
maximal lifting capacity was placed in the box and placed 30 cm from the 1.5 m shelf.
The repetitive lift task was performed at 6 lifts∙min‐1 until the subject reached either
volitional exhaustion, missed the required lift cadence twice in a row or slid the box off
the shelf on two consecutive occasions. Throughout the assessment verbal
encouragement was provided to ensure the subject performed as many repetitions as
possible. RPE was obtained every minute and total time to task failure was recorded
(Appendix 5).

3.4.5 Assessment of aerobic power
Aerobic power was assessed using indirect open‐circuit spirometry (TrueOne 2400

metabolic measurement system, ParvoMedics Inc., Utah, USA). Prior to each

assessment the pneumotach, O2 and CO2 gas analysers were calibrated using a

standardised 3 litre syringe and beta standard gases, within the physiological range

respectively. All assessments of aerobic power were performed within an air‐

conditioned laboratory at the University of Wollongong. Prior to the commencement of

the protocol, subjects were familiarised with the assessment procedures. Subjects then
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commenced a 3‐minute warm up at 5 km∙hr‐1 at 0% grade. The speed of the treadmill

was then increased to an individualised comfortable running speed, as determined by

the subject, typically ranging between 8.5 km∙hr‐1 and 12 km∙hr‐1. Upon obtaining this

speed, the incline was increased by two percent every two minutes until volitional

exhaustion, normally between 6‐12 minutes (MacDougall, 1982). Expired gases were

collected continuously and then averaged in 15‐second intervals. Similarly, heart rate

(POLAR Vantage NV, Kempele, Finland) was averaged over 15 seconds and recorded

every one minute, along with RPE (15 point scale) (Borg, 1982).

3.4.6 Generic strength and power assessments
Generic strength gains over the 8‐week training period were measured via lower limb
strength (six repetition maximum squat), upper limb strength (one repetition
maximum bench press, grip strength), lower limb power and vertical jump. Strength
has been reported as a contributing factor to lifting performance and lifting capacity

(Hendrickson et al., 2010), with dynamic assessments of the squat and bench press
chosen, as they represent the range of motion of the box lift and place assessment
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(Nottrodt & Celentano, 1987). Strength has also been found to be the limiting factor in
physically demanding tasks such as manual handling (Sharp et al., 2009).

3.4.6.1 Six repetition maximum squat
All subjects performed a warm up consisting of ten repetitions of body weight squats,
followed by 10 repetitions with a 20 kg load. Subject commenced the assessment at
with a starting mass of 30 kg (females) or 40 kg (males), and increased until the subject
could only complete six repetitions, this was defined as a six repetition maximum
(6RM). The highest mass from the last successful lift (6RM) with correct technique was
recorded in kilograms (kg). Correct technique comprised of a down phase; weight
through heels, neutral spine, knees behind toes and an up phase; returning to the
standing position. A minimum of 3‐minutes rest between each lift attempt ensured
sufficient muscle recovery (Kraemer et al., 2001; Kraemer et al., 2005; Larson &
Potteiger, 1997). There was a minimum of two spotters observing and monitoring each
subject (Kraemer et al., 2005). RPE (0‐10 OMNI scale) was recorded at the completion of
each 6RM attempt.

3.4.6.2 One repetition maximum bench press
Following a 15‐minute rest period from the 6RM squat, subjects were required to
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perform a single repetition maximum bench press as described by Fleck and Kraemer,

2004. The bench press assessment was performed using a smith machine (C‐020A,

MBH, Shandog China) that allowed subjects to perform the movement guided by rails.

To prepare for the 1RM assessment, a standardised warm up was completed. Ten

unloaded repetitions were performed with a fixed bar.

The assessment commenced with either a starting mass of 15 kg for females or 30 kg

for males, and increased gradually, until only a single repetition with correct technique

could be performed. The highest successful lift mass was recorded as the 1RM. A

minimum of 3‐minute rest period was provided for muscle recovery between each lift

attempt (Kraemer et al., 2001; Kraemer et al., 2005; Larson & Potteiger, 1997)
Approximately three to five lifts were required to obtain each subjects single repetition
maximum score (Harman et al., 2008a).

3.4.6.3 Isometric and isokinetic knee extension

To evaluate generalised lower limb strength, three unilateral knee extension tests were

Page 116

performed, one isometric a t 6 0

e x t e n s i o n and two isokinetic assessments at

600∙sec‐1 and 1200∙sec‐1, (Whaley et al., 2000). Prior to commencing the assessment, each
subject

was

adjusted

to

the

Cybex

(CSMI,

HUMAC

NORM,

Stroughton,

Massachusetts, USA) machine, so the joint centre of the knee was in line with the axis
of the machine and that the lever was placed just above the lateral malleolus. To
ensure pure knee extension and flexion, two straps were secured to reduce excess
anterior torso or upper leg movement. These measurements were recorded and
were used for all consequent testing sessions to ensure reliability of the assessment
(Figure 3.10).

Subjects then completed a warm up consisting of one set of incremental 50, 75 and 90%
self-perceived maximal isometric contractions, followed by one set of self-perceived 50,
60, 70, 80, 90% of isokinetic leg extension at 600∙sec‐1 and 1200∙sec‐1, which was self
perceived. At the conclusion of the warm up, there was a 3‐minute rest prior to the
assessment commencing (Kraemer et al., 2001; Kraemer et al., 2005; Larson & Potteiger,
1997). To assess isometric strength each subject was required to complete three
repetitions of maximal voluntary contractions (MVC), each lasting three seconds at
600∙sec‐1 leg extension (Knapik et al., 1983). Each of the three MVC attempts was
separated by 3‐minutes rest (Kraemer et al., 2001; Kraemer et al., 2005; Larson &
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Potteiger, 1997). Verbal encouragement was provided at each attempt (Appendix 1).
Peak torque and rate of force development was recorded.

After a 3‐minute rest period subjects completed the isokinetic leg extension and flexion
assessment. The subject was instructed to perform five maximal repetitions of knee
extension and flexion at each speed, with verbal encouragement and visual feedback

from live feedback of each repetition, aiding in maximal performance. Peak torque and
rate of force development was recorded.

3.4.6.4 Grip strength
Grip strength was measured using the Jaymar Plus+ Digital Hand Dynamometer
(Lafayette Instruments, Lafayette, Ind, USA), with subjects sitting in a chair, elbow
flexed at 90° and shoulder and wrist in neutral (Hakkinen et al., 2003). Subjects were
instructed to perform three maximal contractions, squeezing as hard as possible for a
period of two to four seconds. Three trials were conducted on both hands, with the
median score recorded.
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Shoulder strap
Waist strap
Upper leg strap

Figure 3.10: Isometric and isokinetic assessment subject set up. The shoulder, waist and
upper leg straps ensured pure knee flexion and extension and to reduce anterior torso
movement from the forceful contractions. Knee angle for isometric assessment was 60°.
The joint angle was in line with the axis of the machine and the lever was placed at the
lateral malleolus. Baseline and post subject set up was identical.

3.4.7 Assessment of power and agility
Lower limb power was assessed via a vertical jump assessment, with agility measured
via a field based Illinois agility assessment (Vescovi & McGuigan, 2008).

Page 119

3.4.7.1 Vertical jump
Lower limb power, has been shown to correlated with battlefield performance,
specifically to those high intensity explosive actions, such as jumping in and out of
ditches, over obstacles and searching for cover during sprinting activities within a
battle scene (Harman et al., 2008b). Lower limb power was measured via a maximal
vertical jump protocol, using a Vertec measuring device (Sports Imports, Columbus,
OH). Subjects were instructed to stand next to the Vertec and raise their left hand
above their head, with shoulder relaxed and elbow extended, representing their
standing height. The subject was then instructed to propel, using a deep squat and arm
swing, as high as possible into the air, into a maximal jump to touch the highest section
of the Vertec device. Three trials were performed, with one minute rest between each
repetition. The jump height minus the standing height was recorded as the vertical
jump height for each of the three measurements, with the median of the three jumps
recorded as the final vertical jump score.

3.4.7.2 Illinois Agility

To traverse around obstacles, trees and uneven terrain, soldiers need adequate agility
to get to cover in a battlefield scene. Illinois agility test, a field based agility course
measures change of direction, speed and agility (Vescovi & McGuigan, 2008).
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Performance around the obstacle course was measured through the use of timing gates
(Swift Speedlight V2, QLD, Australia) to track the start and finish of the assessment.
Prior to the maximal performance, a warm up involving three repetitions of increasing
intensity (50, 75 and 90% of self‐perceived exertion) was performed. Following the
warm up, the subject started in a prone firing position, with shoulders in line with the
timing gates. The maximal effort was performed after the subject heard the command
“ready, set, go”. Subjects were instructed to complete the course in the fastest time
possible, with the time of one maximal performance recorded (Figure 3.11).
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Figure 3.11: Illinois agility course. Subjects started in a prone position with shoulders
in line with the start. Upon command, subjects completed the course in the fastest time
possible (adapted from Vescovi and Mcguigan, 2008).

3.4.8 Current military assessment of physical capacity
The Basic Fitness Assessment, a biannual assessment currently utilised by the
Australian Defence Force to assess physical capacity was also performed. The Basic
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Fitness Assessment comprises of three assessments; aerobic endurance via a timed 2.4
km run, muscular strength via amount of push ups in two minutes and muscular
endurance via a fixed cadence sit up test (Appendix 5). A specific military warm up
was performed prior to this assessment, including a 400 m light jog, followed by a
mixture of upper (chest press, shoulder press, freestyle, backstroke) and lower (lunges
and star jumps) limb exercises. The order of performance was identical to the biannual
test performed within the military; amount of push ups in two minutes, sit ups to a 1:3
work to rest cadence and a timed 2.4 km run.

Upper limb strength physical capacity was assessed through a push up assessment.
The hands were placed underneath the shoulders, where shoulders and hips were
maintained in a straight line and chest as close as possible to the floor without making
contact to be regarded as a successful repetition. Females performed push ups on their
knees, males performed push ups on their toes. Subjects were able to rest during the 2‐
minute protocol, as long as the toes/knees stayed in contact with the ground. The
maximum amount of repetitions performed within the two minute period was
recorded as the final push up score.
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Muscular endurance physical capacity was assessed via a sit up assessment to a
cadence of 1:3 (one second up, three second down). A successful repetition involved
subjects sliding their hands upwards until the fingertips reached the height of the
knees, with the feet or hips not lifting off the ground. Termination occurred if this
technique could not be maintained for two consecutive repetitions or a maximum of
100 repetitions were performed (Fogarty, 2009; Orme, 2005). Total number of
repetitions was recorded as the final sit up score.

Aerobic power was assessed via a timed 2.4 km run, performed on a grass oval. A
460 m track was marked out with cones and subjects were instructed to complete the
distance in the fastest time possible. The time taken to complete the 2.4 km distance
was recorded (Fogarty, 2009; Orme, 2005).

3.5 Reassessment of physical capacity attributes and anthropometry

Following the 8‐week training regimen, subjects completed the identical test battery
as Phase One, identified as Phase Three. These sessions were performed over a week
and half, with the only restriction of attendance, being 48 hours in between resistance
sessions.
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Phase Three

Session One
Anthropometric
1RM box lift, 1RM
pack lift

Session Two
Vo2peak, grip strength,
isokinetic and
isometric knee
extension

Session Four
6RM squat, 1RM
bench press, agility,
vertical jump

Session Five
2.4 km run,
push ups, sit ups

Session Three
Maximal acceptable
lift and repetitive
box lift

Figure 3.12: Phase three reassessment of baseline measures

3.6 Statistical analysis
A two‐way repeated measures ANOVA was used to determine group effects between
ET and MT in functional lifting performance, generic strength, aerobic power, lower
limb power and assessments commonly used by the military following the 8‐week
training intervention. Where a significant interaction was detected a post hoc bonferroni
multiple comparisons test was used to determine the location of the significant
differences. For within group comparisons a one‐way ANOVA was used to observe
baseline versus post differences in functional lifting performance, generic strength,
aerobic power, lower limb power and assessments commonly used by the military. All
statistical analyses were conducted using GraphPad PRISM Version 5.0 (GraphPad
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Software, San Diego California U.S.A.). All data are expressed as mean and 95%
confidence intervals (CI) or unless specified standard deviation (SD) with statistical
significant set at p<0.05.
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4.0 RESULTS
4.1 Subject baseline characteristics
All forty‐six (33 female;13 male) subjects were healthy undergraduate students who
were habitually active and randomly allocated to either experimental training (ET 17
female; 6 male) or military training (MT 16 female; 7 male) groups respectively. Prior
to commencement of physical training, baseline anthropometric and physical
performance measures were assessed. There was no significant difference between
anthropometric (Table 4.1) or any of the physical performance measures (Table 4.2)
prior to the intervention.

Table 4.1: Anthropometric characteristics of subjects with the Experimental and
Military regimens at baseline.

Variable

Experimental

Military

P value

Age (years)

19.4 ±1.7

19.1 ±1.4

0.56

Height (cm)

175.5 ±8.6

172.8 ±7.3

0.27

Mass (kg)

69.9 ±12.0

65.3 ±9.6

0.16

Hip height (cm)

93.3 ±5.89

91.2 ±4.4

0.18

Shoulder height (cm)

144.8 ±7.0

142.8 ±7.0

0.87

Grip length (cm)

64.5 ±4.4

63. 8 ±4.4

0.61

Note: All data are expressed as mean ±SD.
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4.1.2 Physical performance
There was no significant difference at baseline between ET or MT in measures of
functional lifting performance, strength, aerobic power, agility, power or assessments
of physical fitness commonly used by the military (Table 4.2). Thus both groups
commenced training regimen from a similar starting point.

Table 4.2: Assessment of physical performance at baseline in experimental and military
intervention groups
Cluster

Group

Experimental

Military

P value

Functional

Box lift (kg)

20.82 (16.80,24.84)

19.20 (16.11,22.29)

0.51

lifting

Military pack lift (kg)

21.07 (16.32,25.82)

19.54 (15.68,23.41)

0.61

Repetitive box lift (sec)

163.5 (64.28,262.7)

188.3 (87.07,289.6)

0.71

Maximal acceptable lift (kg)

16.18 (12.49,19.86)

14.72 (12.77,16.67)

0.45

6RM Squat (kg)

62.63 (49.67,75.59)

61.36 (50.59,72.14)

0.96

1RM Bench press (kg)

43.16 (30.63,55.69)

40.22 (31.34,49.10)

0.77

Grip strength left (kg)

31.05 (26.60,35.51)

30.07 (26.45,33.69)

0.39

Grip strength right (kg)

35.34 (30.06,40.62)

34.87 (30.70,39.04)

0.38

Isometric (Nm)

Strength

Isometric

249.5 (215.7,283.3)

232.2 (207.0,257.4)

0.77

‐1

174.8 (147.1,202.6)

161.2 (143.5,178.8)

0.72

‐1

109.9 (94.41,125.5)

107.1 (94.19,120.1)

0.89

137.5 (116.6,158.4)

124.4 (110.3,138.5)

0.28

Isokinetic 120 sec flex (Nm)

99.84 (83.99,115.7

96.57 (84.14,109.0)

0.73

Aerobic

Absolute (L∙min‐1)

3.07 (2.63,3.50)

2.93 (2.60,3.26)

0.61

power

Relative (mL∙kg‐1∙min‐1)

42.92 (39.66,46.18)

44.39 (41.16,47.63)

0.51

Agility and

Vertical jump (cm)

39.15 (34.80,43.50)

37.68 (33.44,41.93)

0.62

power

Illinois (sec)

18.11 (17.60,18.63)

17.65 (17.05,18.24)

0.23

Basic

2.4 km run (sec)

893.6 (795.5,991.8)

804.2 (731.6, 876.9)

0.31

military

Push ups (repetitions)

38.9 (34.23,43.57)

47.00 (39.37,54.63)

0.07

assessment

Sit ups (repetitions)

43.40 (25.60,61.20)

46.05 (30.28,61.81)

0.82

and

Isokinetic 60 sec ext (Nm)

Isokinetic

Isokinetic 60 sec flex (Nm)
‐1

Isokinetic 120 sec ext (Nm)
‐1

Note: Nm= Newton metres, kg=kilograms, sec=seconds. Data are expressed as mean and 95% CI.
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Following baseline assessments, a number of correlations ( A p p e n d i x S i x )
were observed including; maximal lifting capacity and maximal acceptable lift (r2=
0.81 P<0.0001), maximal pack lift and maximal acceptable lift (r2= 0.77 P<0.0001),
maximal lifting capacity and 6RM squat (r2= 0.70 P<0.0001), maximal lifting
capacity and 1RM bench press (r2= 0.83 P<0.0001), maximal lifting capacity and
stature (r2=0.52 P<0.0001) and maximal lifting and mass (r2=0.58 P<0.0001). In contrast
a poor correlation was found between maximal lifting capacity and push ups
(r2=0.02 P= 0.38), which is a routine assessment of strength in the military.
Furthermore a moderate relationship was observed between relative

oxygen

consumption (mL∙kg‐1∙min‐1) and 2.4 km endurance time (r2= 0.50, P<0.0001) at
baseline.

4.2 Subject training compliance
Forty subjects successfully completed the eight week training regimen, 18 subjects
completed the ET (attending 422 out of a possible 432 sessions; 98%) and 21 subjects
completed the MT (attending 468 sessions out of a possible 504 sessions; 93%)
compliance rate for MT. There were six subjects who did not complete the
intervention; three withdrew for personal reasons not related to the intervention, two
had injuries sustained outside the intervention and one withdrew from University.
Four subjects within the MT regimen sustained ligamentum ankle sprains, however
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these subjects were still able to attain an 85% compliance rate over the entire
intervention period.

Following the 8‐week training intervention, all subjects were reassessed for the
identical program of physical capacity measurements as occurred within baseline
testing. More specifically, anthropometry and physical performance such as functional
lifting, generic strength measures, aerobic power, agility and power and military
fitness assessments to determine the level of adaptation post training regimen was
conducted.

4.2.1 Phase Three reassessment
Physical performance adaptations were compared between baseline measures (Phase

One) and post intervention (Phase Three) in categories of functional lifting capacity,

generic strength, aerobic power, agility and power and field based assessments.

4.2.1.1 Anthropometry
Both the ET and MT regimen significantly increased in mass over the 8‐week period.
The ET experienced a 2.8% increase in mass from a mean of 69.9 ±12.0 kg at baseline to
71.9 ±12.5 kg (P=0.0002) post intervention. The MT, similarly had a 2.9% increase in
mass 65.3 ±9.6 kg to 67.3 ±10.0 kg (P=0.0013). No significant interaction was observed
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between the training interventions (P= 0.98). Additionally, there was no significant
change in habitual physical activity questionnaire between ET and MT (P= 0.75) from
baseline to post intervention.

4.2.1.2 Occupational lifting
The functional lifting capacity assessments involved both strength and endurance
assessments. The strength assessments included a maximal box and pack lift and a
maximal acceptable lift assessment. The repetitive box lift represented the endurance
component. For each of the functional lifting capacity assessments, no significant
interaction was observed between intervention groups. However, maximal box lift

strength was observed to increase following the 8‐week training regimen by 16.5%
(P= 0.0018) and 13.8% (P<0.0001) in both ET and MT groups respectively (Table
4.3). Similarly, for the maximal pack lift, both ET and MT increased the mass that
could be lifted to 1.5 m by 10.4% (P<0.0058) and 7.7% (P<0.0056) respectively, t a
significant interaction across training regimens. Given
improvement

in

lifting

strength,

change

in

pack

the

similarity

of

lift performance was

correlated (r2= 0.86 P<0.0001) with maximal box lift performance. Differences in
stature influenced maximal box lifting performance (r2= 0.52 P<0.0001) (Figure 4.1).
A relative mass was repetitively lifted for the muscular endurance task, where a
significant 34.4% (85.5 seconds) increase in repetitive box lift performance was
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observed in ET (P= 0.014) only. No significant differences were observed for MT.

Table 4.3: Assessments of functional lifting capacity and percentage change over the 8‐
week training intervention of the experimental and military intervention groups
Variable

Experimental

Military

Baseline

Post

%D

Baseline

Post

%D

20.82

24.95

16.5

19.20

22.29

13.8

(16.80,24.84)

(18.87,31.05)

(16.11,22.29)

(18.42,26.15)

21.07

22.84

19.54

21.81

(16.32,25.82)

(17.76,27.93)

(15.68,23.41)

(18.18,25.44)

Repetitive box lift

163.5

249.3

188.3

209.9

(sec)

(64.28,262.7)

(108.1,390.6)

(87.07,289.6)

(156.0,263.7)

Maximal acceptable

16.18

17.25

14.72

15.35

lift (kg)

(12.49,19.86)

(13.67,20.83)

(12.77,16.67)

(13.10,17.59)

Maximal box lift (kg)

Maximal pack lift (kg)

10.4

34.4

6.2

7.7

10.3

4.0

Note: Baseline represents week 0.). Data is expressed as mean and 95% confidence
intervals (CI).

Considerable variability was observed in individual improvement in the repetitive lift
task performance in comparison to improvements in the maximal box lift scores.
Repetitive box lift ranged between improvements of 118% and 56% compared to
maximal lifting strength scores which varied between 50% and 38% for ET and MT
respectively following the 8‐week regimen, however there was not a significant
interaction observed.
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Interestingly the maximal acceptable lift did not significantly alter, despite the
significant increase in maximal lifting capacity measurements. Surprisingly however,
the relationship between maximal lifting capacity and maximal acceptable lift
increased slightly, post 8‐week training intervention (r2=0.87 P<0.0001).

Figure 4.1: The relationship between stature and maximal box lift
There was a positive relationship between stature (height) and mass lifted to 1.5 m in a
maximal box lift assessment (P<0.0001).
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4.2.1.3 Generic strength assessments
A significant interaction (P= 0.0001) was observed between the ET and MT for the 6RM
squat performance, with the ET displaying a 23.7% (19.5 kg) increase (P<0.0001) in
squat strength (Figure 4.2). After completion of the training regimen, 6RM squat
performance continued to have a strong correlation with maximal box lift performance
(r2= 0.74 P<0.0001). A similar level of relative change in bench press score after the 8‐
week training regimen was observed, with ET improving by 18.8% (P<0.0001) and the
MT displaying a 16.4% (P<0.0001) improvement (Figure 4.3). However, no
interaction was observed between ET and MT for 1RM bench press scores (P= 0.087).

‡

*
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F 6R M F

E x p e r im e n ta l

M SQ P

M SQ F

M ilita ry

Figure 4.2: 6RM squat adaptations over 8‐week intervention for the experimental and
military regimen. Data are expressed as mean and 95% confidence intervals (CI).
Baseline represents week 0. ‡ denotes a signiﬁcant (P<0.05) interaction over the 8‐
wk period
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Figure 4.3: 1RM Bench press adaptation over 8‐week intervention. Data are expressed
as mean and 95% confidence intervals (CI). Baseline represents week 0.

Irrespective of the improvement in 6RM squat performance, no significant difference

was observed in MVC (P= 0.124) or the rate of force development (P= 0.538) within ET

and MT groups over the 8‐week training period for isometric knee extension (Table

4.4) and no significant interaction was observed.

Knee extensor and flexor strength during isokinetic loading was assessed at two
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different speeds, 600∙sec‐1 and 1200∙sec‐1. At knee flexion and extension speeds of 60 ∙sec‐

1

we observed an increase in knee flexion strength (11.0% P= 0.03 and 11.2%

P<0.0001) for ET and MT respectively. In contrast, no significant difference was

observed during the extension phase of the movement (5.4% P= 0.21 and 3.9% P= 0.10)

in ET and MT respectively. However, when the speed of the movement increased to

120 ∙sec‐1 a reciprocal relationship was observed. An increase in knee

extension strength (7.7% P= 0.01 and 5.3% P= 0.02) was found, with no change recorded

in flexor strength (6.0% P= 0.14 and 4.8% P= 0.10) recorded for ET and MT respectively.

Rate of force development (time to peak torque) during isokinetic knee extension
speeds of 600∙sec‐1 and 1200∙sec‐1, increased in ET respectively (11.0% P= 0.002, 13.7%
P= 0.0009) and only at 1200∙sec‐1, for MT (6.8% P= 0.040) however there was not a
significant interaction across training regimens,. However during knee flexion only
the MT training group recorded an increase in strength (60 ∙sec‐1, 16.0% P= 0.0005;
120 ∙sec‐1, 10.2% P= 0.033), there was no significant interaction observed.
Grip strength performance did not differ between ET and MT over the 8‐week training
regimen for left (P= 0.88) or right (P= 0.61) hands, nor between training regimens. Right
hand dominance presented in 95% of subjects.
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Table 4.4: Isometric and isokinetic strength adaptations over the 8‐week intervention
for the experimental and military regimen.

Variable

Experimental

Military

Baseline

Post

Baseline

Post

249.5

258.9

232.2

233.3

(215.7,283.2)

(225.6,292.2)

(207.0,257.4)

(204.2,262.4)

174.8

184.8

161.2

167.8

(147.1,202.6)

(153.9,215.7)

(143.5,178.8)

(148.0,187.6)

109.9

123.7

107.1

114.8

(94.41,125.5)

(101.8,145.6)

(94.19,120.1)

(101.0,128.6)

Isokinetic 120

137.5

148.9

124.4

131.3

sec‐1 ext (Nm)

(116.158.4)

(125.5,172.4)

(110.3,138.5)

(115.6,147.0)

Isokinetic 120

99.84

106.2

96.57

101.4

sec‐1 flex (Nm)

(83.99,115.7)

(89.79,122.6)

(84.14,109.9)

(88.77,114.1)

Isometric (Nm)

Isokinetic 60 sec‐
1

ext (Nm)

Isokinetic 60 sec‐
1

flex (Nm)

Note: Baseline represents week 0.. Data are expressed as mean and 95% confidence
intervals (CI). Flex = Flexion, or knee flexion torque resulting in a reduced knee
angle. Ext = Extension, or knee extension torque, or an increased knee angle
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4.2.1.4 Aerobic Power

No significant interaction was observed between ET and MT for absolute (P= 0.12) or
relative (P= 0.15) aerobic power measurements following the 8‐week training regimen
(Table 4.6). Interestingly, after 8‐weeks of training a significant reduction in VO2peak
observed in both absolute (P= 0.04) and relative (P<0.0001) in ET only. In contrast, no
significant change was observed in MT for absolute or relative aerobic power.

Table 4.5: Aerobic power adaptations following an 8‐week experimental or military
training intervention
Variable

Experimental

Military

Baseline

Post

Baseline

Post

Absolute

3.07

2.94 †

2.93

2.97

(L∙min‐1)

(2.63,3.50)

(2.48,3.39)

(2.60,3.26)

(2.66,3.29)

Relative

42.92

40.38 †

44.39

44.17

(mL∙kg‐1∙min‐1)

(39.66,46.18)

(37.09,43.68

(41.16,47.63)

(40.93,47.41)

Note: Baseline represents week 0. † denotes significance from pre to post, with
P<0.05. Data are expressed as mean and 95% confidence intervals (CI).

4.2.1.5 Agility and power
No training regimen interaction was observed between ET and MT for assessment of
agility or leg power (Table 4.7). However, ET significantly improved agility time
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recording a 3.4% (P= 0.02) reduction, in contrast to MT, where no change was observed
(P= 0.07). Vertical jump significantly improved in both ET (P= 0.01) and MT (P=
0.0033), however there was no significant interaction observed.

Table 4.6: Change in Illinois agility and vertical jump performance following an 8‐
week experimental or military intervention
Variable

Experimental

Military

Baseline

Post

Baseline

Post

Illinois

18.11

17.54

17.65

17.32

agility

(17.60,18.63)

(17.05,18.03)

(17.05,18.24)

(16.78,17.86)

Vertical

39.15

43.42

37.68

42.00

Jump (cm)

(34.80,43.50)

(38.68,48.17)

(33.44,41.93)

(38.44,45.56)

(sec)

Note: Baseline represents week 0. Data are expressed as mean and 95% confidence
intervals (CI). Sec= seconds, cm= centimetres.

4.2.1.6 Basic Fitness Assessment
A significant interaction was observed over the 8‐week training intervention for the
push up performance (P= 0.0021), with only ET significantly improving post
intervention (P<0.0001) (Figure 4.4). No significant interaction was identified between
ET and MT for the 2.4 km endurance run (P= 0.45) (Figure 4.5), however a 70‐second
(8.5% P=0.0001) and 85 second (11.8% P=<0.0001) performance time reduction was
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observed for the ET and MT training regimens. Sit up performance did not differ

between ET and MT (P= 0.445), however the MT displayed a 65% performance
increase post 8‐week training intervention (Figure 4.6).

Page 141

‡
60

B a s e lin e

R e p e t itio n s

50

P ost

40
30
20
10
0
F p u s h u p sFPp u s h u p sM FP u s h u p M
s PP u s h u p s F

E x p e r im e n ta l

M ilita ry

Figure 4.4: Change in the amount of push up repetitions performed following an 8‐
week training regimen. Data are expressed as mean and 95% confidence intervals (CI).
Baseline represents week 0. ‡ denotes a signiﬁcant interaction over the 8‐week
P<0.05.
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Figure 4.5: Change in 2.4 km run time following an 8‐week training regimen.
Data are expressed as mean and 95% confidence intervals (CI). Baseline represents
week 0.
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Figure 4.6: Change in sit up repetitions following an 8‐week training intervention.
Data are expressed as mean and 95% confidence intervals (CI). Baseline represents
week 0.

4.3 Training intervention intensity measurement
Intensity of training was measured throughout the regimen for both ET and MT via a
subjective (rating of perceived exertion) and objective (heart rate) measurement. Heart
rate was measured continuously by the POLAR team2 system (Lake Success, NY, Polar
USA) for the last two weeks of training, however average heart rates were measured
throughout the 8‐week regimen for both ET and MT. Subjective rating of perceived
exertion for endurance sessions was measured via the 15 point Borg Scale (Borg, 1982)
and the strength sessions used the OMNI 10 point scale (Robertson, 2003).
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4.3.1 Experimental training
The intensity of training was controlled within the ET group. The average heart rates
and rating of perceived exertion accumulated over the 8‐week training intervention
(Table 4.8) for 30‐second high intensity (in strength session) and 3‐minute endurance
(in hypertrophy session) intervals. The experimental protocol required the heart rate
measurements within each session to be controlled. The high intensity 30‐second
sprints were performed at 80‐95% heart rate reserve, in contrast to the 3‐minute
intervals that were performed at 70‐85% heart rate reserve. The results validated the
experimental methods (P= 0.04) (Table 4.8). Additionally, there was a significant
difference between the rating of perceived exertion (P<0.0001) for the 30‐second and 3‐
minute intervals observed, with the 30‐second intervals perceived ‘harder’. The 30‐
second intervals displayed ranges of 17 and 18 out of a possible 20, in comparison to a
range of 12 and 17 out of 20 for the 3‐minute intervals. Indicating the 30 second
intervals were perceived harder.

Figure 4.7 displays the continual heart rate trace of the five high intensity sprint
sessions, displaying 30‐second high intensity effort, followed by 4‐minute rest period.
Subjects were consistently targeting the 80‐95% heart rate reserve range. Figure 4.8
displays the continual heart rate trace of three repetitions of 3‐minute intervals,
interspersed with 3‐minute rest periods. The subjects were consistently working within
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their target heart rate reserve range of 70‐85%. The heart rate reserve ranges between
the 30‐second and 3‐minute intervals approached significance (P= 0.0501).

Heart Rate

(bpm)

200

max heart rate=191bpm
80-95% heart rate reserve
=163-184bpm

150

100

50

resting heart rate=49bpm

0
0

5

10

15

20

25

Time (minutes)

Figure 4.7: Heart rate response of one subject during a 30‐second work interval
training session within ET, with 4‐minute rest periods between each bout. Exercise
time= 2.5 minute
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Table 4.7: Individual average heart rates and rating of perceived exertion measurements for 3‐
minute versus 30‐second intervals
3- minute intervals
Subject

Heart Rate

RPE

30-second intervals
HRR (%)

Heart

RPE

HRR 9%)

Rate
23

174

15

85-90

179

17

90-95

5

173

15

85-90

173

17

85-90

9

184

16

80-85

174

18

80-85

18

176

15

90-95

170

19

90-95

34

182

13

80-85

182

17

80-85

12

183

14

90-95

188

18

80-85

39

161

12

80-85

174

17

90-95

7

175

12

80-85

179

17

85-90

16

178

14

85-90

188

17

>95

11

192

11

85-90

188

17

80-85

27

190

11

85-90

187

17

80-85

14

183

14

90-95

182

17

90-95

4

180

12

90-95

182

17

90-95

35

192

13

90-95

188

17

90-95

45

184

15

90-95

181

18

90-95

17

171

12

80-85

185

18

90-95

22

175

14

85-90

184

17

90-95

29

149

13

70-80

157

17

80-85

33

184

17

80-85

191

18

85-90

Average

178

14

181‡

17.3‡

Note: ‡ denotes a signiﬁcant interaction between variables over the 8‐week P<0.05. Heart rate=
average beats per minute, RPE= rating of perceived exertion and HRR= heart rate reserve.
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4.3.2 Military training
There was a significant difference between heart rate reserve measures for the circuit,
pack march and run sessions over the 8‐week period (P<0.0001; Table 4.8). When a
Bonferroni post hoc test was performed a significant difference was observed between

the run and the pack, and the circuit and the run sessions. The military protocol did not
specify heart rate or rating of perceived exertion standardisation. Table 4.8 shows the
variability in training intensity amongst a subject cohort. Of interest is that the
intensity of the ET was controlled, but the MT was not controlled. It may be possible
that personnel within Basic Military Training are not training at the same relative
intensity at present within Australia.

Figure 4.8: Heart rate response of one subject during a 3‐minute work interval training
session within ET, with 3‐minute periods between each bout. Exercise time= 9 minutes.
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Over the 8‐week training intervention, 45% of subjects performed within their relative
heart rate reserve (HRR) range of 85‐95%, with 30% performing within 85‐90%, 15% at
70‐80% HRR and 10% over 95% HRR for the running session. For the pack march
session, 50% of subjects were working within their relative heart rate reserve
percentage of 70‐80%, with 25% working under 60% HRR, 15% working within 85‐90%
HRR and 10% of subjects working within their respective 85‐90% HRR. The circuit
session showed similar results, with 65% of subjects working within their relative 60‐
70% heart rate reserve range, 20% working under 60% HRR and 15% working above
70% HRR range.
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Table 4.8: Measurement of intensity of the circuit, pack march and continuous run for each
subject in ET via heart rate, rating of perceived exertion and heart rate reserve ranges.
Circuit
Subject

Heart

RPE

Rate

Pack March
HRR

Heart

(%)

Rate

RPE

Run

HRR

Heart

(%)

Rate

RPE

HRR
(%)

24

142

18

60-70

159

17

70-80

170

16

85-90

31

156

16

60-70

166

15

70-80

185

16

85-90

20

143

-

<60

163

14

70-80

187

16

90-95

28

177

17

85-90

153

13

60-70

181

14

85-90

19

140

17

60-70

130

14

60-70

176

16

90-95

15

147

-

60-70

162

13

70-80

193

14

90-95

42

157

15

60-70

138

10

<60

168

12

70-80

32

148

16

60-70

169

15

70-80

190

15

90-95

36

143

-

60-70

162

14

85-90

190

14

90-95

43

145

17

60-70

162

15

70-80

183

16

85-90

13

149

17

<60

148

13

<60

181

15

85-90

21

130

-

<60

114

11

<60

158

15

70-80

46

170

17

60-70

134

12

<60

183

15

70-80

44

145

17

60-70

161

14

70-80

186

15

90-95

2

156

-

60-70

166

13

70-80

182

16

90-95

41

144

17

<60

175

15

70-80

179

15

85-90

6

156

16

40-70

141

12

<60

191

15

90-95

8

158

16

80-85

157

15

85-90

175

16

90-95

40

156

-

60-70

153

14

60-70

187

16

90-95

37

152

16

70-80

155

13

70-80

189

15

90-95

Average

151

153.4

182 ±‡

Note: †= significant interaction between circuit and run, ‡ =significant interaction between
pack and run. Heart rate= average beats per minute, RPE= rating of perceived exertion and
HRR= heart rate reserve.
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CHAPTER FIVE: DISCUSSION
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5.0 DISCUSSION
This study investigated the effect of an 8‐week period of concurrent training in two
different regimen of a standardised volume (time), a modified Basic Military Training
and an experimental training (non‐linear strength and high intensity endurance), on
the lifting capacity and generalised physical capacity assessments in young healthy
adults. Contrary to hypothesis one and two, both types of concurrent training
improved the majority of lifting capacity and generalised physical capacity
assessments. Also contrary to hypothesis three, the experimental training regimen
achieved superior improvements in repetitive lifting and 6RM squat compared to the
modified Basic Military Training regimen. Furthermore, of great significance to the
army, the experimental training regimen improved capacity in 2.4 km endurance run,
despite an 87% reduction is endurance training volume (time). The experimental
training regimen of the current study has the potential to decrease injuries in the
military from two different aspects, through improved physical activity for manual
handling tasks, as well as through a reduction in overuse injuries from a lower
volume of endurance training. This method of training is novel to a military
environment; a defining feature of this thesis investigation.

5.1 Experimental study design
There were two novel methodological modifications conducted within this
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experimental study design implemented into the ET regimen to improve occupational
performance; non‐linear resistance training and high intensity (velocity) endurance

training.

To overcome a limitation of previous research military training

interventions, the total duration of the training and the inclusion of both endurance
and resistance training was standardised between the ET and MT. This allowed for
direct comparison of the rate

of

adaptation

following

the

two

training

interventions. The composition of endurance and resistance training factors was
however, markedly different between the two interventions. The ET regimen was
composed of 85% (110 minutes per week) non‐linear resistance training and 15% (12
minutes per week) of high intensity running and interval endurance training, while
the MT was composed of 25% (30 minutes per week) circuit resistance training and
75% (90 minutes per week) continuous endurance running and pack marching
(Orme, 2005). Over the 8‐week training period, the ET undertook 880 minutes of
resistance training and 96 minutes of endurance training, while the MT undertook
240 minutes of resistance training and 720 minutes endurance training. This equates to
a 7.5 fold decrease endurance training duration and a 3.5 fold increase in the duration
of resistance training in ET group compared to the MT group.

A review of non‐linear periodisation strength training has been found to result in
greater magnitude and rate of adaptations relative to linear periodisation training and
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was consequently implemented within the present investigation (Mann et al., 2010;
Peterson et al., 2008; Prestes et al., 2009). Of the papers found utilising strength linear

resistance training, the average increase in 1RM and 6RM squat strength was 20.5%,

and the average increase in cross sectional area was 13.2% (Blazevich et al., 2007; Costill

et al., 1979; Hansen et al., 2005; Harman et al., 2008a; Higbie et al., 1996; Izquierdo et al.,

2005; Jones & Rutherford, 1987; Martel et al., 2006; MCarthy et al., 1995; McCall et al.,

1996; McCarthy et al., 2002; McMurray et al., 1990; Robinson et al., 1995; Rønnestad et

al., 2012; Santtila et al., 2008; Thorstensson et al., 1976; Williams et al., 2002; Wong et al.,

2010a). In comparison, the studies that utilised non-linear resistance training, observed

greater increases in 1RM, 6RM squat and muscle cross‐sectional area (Campos et al.,

2002; Gonzales‐Badillo et al., 2006; Harman et al., 1997; Hendrickson et al., 2010;

Hoffman et al., 2003; Knapik, 1997; Kraemer et al., 2003; Kraemer et al., 2001; Kraemer et

al., 1995; Kraemer et al., 2004; Marx et al., 2001; Moss et al., 1997; Munn et al., 2005; Sharp

et al., 1993; Staron et al., 1994; Wong & Chamari, 2010). Only two of these studies
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however, standardised total training volume (time) (Kraemer et al., 2003; Paavolainen
et al., 1999), with just one study (Paavolainen et al., 1999), standardising total training
volume (time) between both types of training (endurance and resistance training) to
allow for direct comparison between the training interventions. Paavolainen et al.,
(1999) replaced 32% of the endurance training volume (time) with explosive strength
training of 0‐40% 1RM, specific to running performance, rather than including an
additional resistance training component. Eight of the previous non linear resistance
training investigations were military studies (Harman et al., 1997; Harman et al.,
2008a; Hendrickson et al., 2010; Knapik, 1997; Kraemer et al., 2001; Santtila et al., 2008;
Sharp et al., 1993; Williams et al., 2002), of which, five performed non linear resistance
training (Harman et al., 1997; Hendrickson et al., 2010; Knapik, 1997; Kraemer et al.,
2001; Sharp et al., 1993), however, they were limited by a lack of standardisation of total
training volume (time).

Within the present investigation, whole body non linear resistance training was
performed within the ET, targeting muscular strength and power attributes for
successful box lift and occupational performance (DSTO, April 2010). Kraemer et al.,
(2001) similarly implemented non linear resistance training targeting occupational

performance, targeting the upper body musculature responsible for the final phase of
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box lifting and the lower body musculature responsible for the initial phase of the box
lift. Despite the difference in upper versus lower musculature, a similar percentage of
rate of adaptation was observed in occupational box lifting performance to 1.45 m for
total body (23.5%) and upper body (21%) musculature regimens (Kraemer et al., 2001).
With such a confounding impact on box lifting occupational performance, the upper
body musculature was therefore, an important component of the ET regimen of the
current investigation (Kraemer et al., 2001; Sharp et al., 1993). Similar upper limb
exercises were used including, upright row, front raises, chest press and shoulder
press, in all of the strength, hypertrophy and power sessions. The chest press, for
example, was performed explosively with a medicine ball chest pass within the power
session, machine chest press was performed in the strength session and bench press
was performed during the hypertrophy session in the ET regimen. In contrast to
Kraemer et al., (2001), the upper body musculature exercises were not split from the
whole body musculature in the ET training in the present investigation.
Implementation of non linear resistance training is yet to be performed within the
Australian ARMY, nor has there been such detail focused on marrying occupational
task demands with respective physical attributes.

To conduct high volume, non linear resistance training and ensure training time was
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matched, required the intensity of the endurance training to be increased for the ET
group. The high intensity running in the ET group was performed for only 2.5 minutes
per week, in contrast to the 90 minutes of continuous, moderate intensity pack
marching or running performed by the MT group, which accumulated as 7.5 greater
volume of endurance training time. Although previous research has found high
velocity exercise to be a potent stimuli for physiological endurance adaptations
(Burgomaster et al., 2008; Burgomaster et al., 2005; Duffield et al., 2006; Gibala et al.,
2006; Kendall et al., 2009; Little et al., 2010; Rakobowchuk et al., 2008; Talanian et al.,
2007; Tanisho & Hirakawa, 2009), these differences in exercise intensity and duration
have only been observed using laboratory based cycle exercise (Burgomaster et al.,
2005; Duffield et al., 2006; Gibala, 2007; Gibala et al., 2006; Kendall et al., 2009; Lunn et

al., 2009; Rakobowchuk et al., 2008; Talanian et al., 2007) and treadmill running
(Esfarjani & Laursen, 2007). To maintain validity and specificity within the military
environment, the present investigation performed high intensity running on a grassed
oval in a group format (Harman et al., 2008a; Orme, 2005; Williams et al., 1999).
Furthermore, within high intensity training literature, training was implemented for
two (Burgomaster et al., 2005; Gibala, 2007; Gibala et al., 2006), three (Duffield et al.,
2006; Rakobowchuk et al., 2008) or up to five (Burgomaster et al., 2005; Kendall et al.,
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2009) sessions per week. When compared to the protocol utilised within this thesis, the
volume of the previous high intensity training studies has been up to 5‐fold higher in
volume per week. Therefore, direct comparisons with regards to rate of adaptation of
the current investigation could be predicted to be lower.

The high intensity protocol utilised in the present investigation was based on the
Wingate protocol, which is repeated high intensity intervals performed for 30 seconds
on a cycle ergometer interspersed with 4‐minute rest periods. This protocol was

adapted for running performed on an oval (Burgomaster et al., 2008; Burgomaster et
al., 2005), and has been observed to improve endurance time trials by between 10‐
100% following 2‐weeks of training in healthy, recreationally active individuals
(Burgomaster et al., 2005; Gibala et al., 2006). As a primary aim of this ET regime was
to reduce endurance training time without compromising 2.4 km endurance run time,
high intensity interval training was included. There has been a limited number of
published studies that have utilised high intensity interval training in this way,
within a concurrent physical training regimen (Harman et al., 2008a; Kraemer et al.,
1995) military context. Consequently, the rate of adaptation following this novel
experimental design for both strength and endurance attributes has previously been
relatively unknown.
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5.2 Rate of adaptation
5.2.1 Strength

Despite differences in training composition, for the same total training time (volume)
commitment, a similar rate of adaptation in maximal box lifting performance and 1RM
bench press between ET and MT groups was observed. However within the ET
regimen box lift performance and 6RM squat improvement were also observed and
may be explained by the specificity of training to the assessment task (Thorstensson et
al., 1976).

5.2.1.1 Specificity of training

The ET group experienced a marked a significant improvement in the 6RM squat
performance following the 8‐week training regimen (23.7%) in comparison to MT
(5.6%). Within the ET training regimen however, a multi joint squat movement was
performed in three different ways using modified loading strategies, which may have
aided in the marked increase observed within the 6RM squat assessment. In the first
instance, the ET group performed a squat movement where load was placed anterior
to the centre of gravity front squat) with a high load and low velocity movement
(strength training). In the second instance, high velocity, low load (six repetitions of 8‐
10 RM) jump squats with a medicine ball was performed while lastly, a back squat
was performed with a moderate to heavy load (hypertrophy), with the load posterior
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to the centre of gravity (back squat). This meant that the squat movement and
activation of relevant muscle groups was replicated on three separate occasions each
week. Indeed, this level of strength increase for a multi‐joint exercise was
anticipated, as a close relationship between

the

mechanical

task

within

the

exercise regimen and the assessment movement will result in increased rates
of adaptation (Campos et al., 2002; Thorstensson et al., 1976). Thorstensson et al.,
(1976) observed a 67% increase in 1RM squat performance following an 8‐week
dynamic squat training program (6RM load protocol), in comparison to a 13%
increase in isometric knee extension strength. A similar trend occurred within our
investigation, where a 23% increase was observed in 6RM squat performance, in
comparison to a 4% increase in isometric peak torque performance following a
dynamic resistance training regimen. However, the inclusion of task specific training
within an occupational context, is of limited functional utility, as military personnel
are required to perform a range of occupational tasks, thus requiring the
development of a broad range of physical attributes (Knapik & Sharp, 1998).

It is believed that direct replication of movements (task specific training) is mediated
by neural adaptations, due primarily to the absence of change in muscle cross sectional
area (Dechenes & Kraemer, 2002; Sale, 1988). Therefore, it is possible that the marked
improvement in squat performance of the ET regimen could have been attributed
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primarily to neural adaptations leading to modified agonist and antagonist muscle
activation, most notably observed in novice trainers (Hallet, 2001). Although
hypertrophic adaptation has been observed in studies involving less than 8‐weeks of
resistance training, given the concurrent endurance and resistance training undertaken
within this experimental design, it is more likely the dominant mechanism of
adaptation is neurally mediated (Blazevich et al., 2007; Campos et al., 2002; Costill et al.,
1979; McCall et al., 1996). Unfortunately, there was not a significant interaction observed
between the training regimens for either lower limb power (isokinetic 120 sec -1) or
strength (isometric 60 and isokinetic 60 sec -1) which would have supported neural
adaptation changes as discussed by (Blazevich et al., 2007; Campos et al., 2002; Costill et
al., 1979; McCall et al., 1996) .

Task specific training was also performed within the MT circuit session in the form of
push ups and sit ups. These type of exercises are specific to the military Basic Fitness
Assessment (push up test and sit up test) rather than military occupational tasks, are
commonly performed during military training (Hendrickson et al., 2010; Orme, 2005;
Williams et al., 1999). The task specific sit up exercise performed in the MT circuit
resulted in a 65% improvement in sit up performance, in comparison to a 2%
improvement in performance following ET training, where no trunk exercises were
specifically prescribed. Although this method of training aids in passing the biannual
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Basic Fitness Assessment, a low correlation between sit up performance and maximal
lifting (occupational task) performance

(r2=0.02 P= 0.38) and push up and maximal

lifting performance (r2=0.02 P= 0.38) was observed. This suggests that sit up and push
up performance are poor predictors of occupationally orientated tasks such as maximal
box lifting. The occupational task of maximal box lift did however, have a significant
correlation with 6RM squat (r2=0.77 P< 0.0001). There was also a significant interaction
for 6RM squat performance between the two groups ET and MT, with a 23% increase
in 6RM squat observed following ET non‐linear resistance regimen only. This is in
contrast to the previous research (Kraemer et al., 2004) that found no significant change
in 6RM squat performance following concurrent resistance training. The difference
could be attributed to their use of a linear resistance training methodology rather than
the non‐linear approach used in the present investigation.

The 34% increase in repetitive box lift performance observed in the ET group was
consistent to previous investigations (14‐35%) (Hendrickson et al., 2010; Kraemer et al.,
2001; Williams et al., 2002) that also utilised non‐linear resistance training in a
concurrent exercise regimen. However, the improvements in the current study was
achieved using a much shorter training duration and volume (8‐weeks and 24 sessions)
than Williams et al., (2002) and only a third of the duration of Kraemer et al., (2001).
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However, the results between our investigation and others are not directly comparable
due to a difference in the assessment methodology (Williams et al., 2002; Kraemer et al.,
2001).

The assessment used to measure the repetitive box lift in the present investigation was
novel relative to previous research and valid to the military environment as it followed
Australian ARMY field observations (DSTO, April 2010). The mass of the repetitive box
lift assessment was set at 75% of relative maximal box lift performance and performed

at a standardised cadence of six repetitions per minute. The allocation of a relative
mass allowed all subjects to repetitively lift the box, furthermore the protocol also
included a lowering component, thus, assessing both concentric and eccentric actions
required for repetitive box lifting performance. In contrast, the repetitive box lift
assessment of previous studies have commonly used a standardised mass (20.5 kg),
repetitively lifted to a height of 1.5 m (Gledhill & Jamnik, 1992a), as many times
possible within a 5‐minute period, with no standardisation of the intensity of box lift
performance (Hendrickson et al., 2010; Kraemer et al., 2001; Sharp et al., 1993). Within
this investigation a mass of 20.5 kg was in excess of maximal lift capacity for several
subjects. Thus, repetitive lift capacity for these subjects would not have been assessed.
Using the protocol adopted within this thesis allowed all subjects to repeatedly lift the
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relative box mass.

5.2.1.2 Resistance training volume (time) and adaptation rate
Within the present investigation, one session of each type of resistance training

(strength, hypertrophy and power) was performed per week for an 8‐week training

period (24 sessions, 8 singular sessions). In contrast, Kraemer et al., (2001) conducted

three separate training regimens; strength, hypertrophy or power for three sessions per

week over a 24‐week period (64 sessions). A 16‐26% performance increase was

observed in maximal box lift performance by Kraemer and colleagues. Surprisingly

there was just a 10% difference in rate of adaptation of maximal box lift between the

present investigation and Kraemer et al., (2001), with one third the training duration (8

versus 24 weeks) and one eighth of the volume (8 sessions versus 64 sessions). It

appears that the effectiveness of non‐linear resistance training is magnified when

multiple protocols are performed collectively, as within the present investigation,

rather than in a singular format as was performed in Kraemer et al., (2001).

Furthermore, it is believed that this is the first investigation to implement non‐linear

periodisation during a concurrent training program and assess the rate of adaptation of
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maximal box lift performance within an 8‐week training period. Despite the t i m e
difference in the amount of resistance training p e r f o r m e d between the two
groups, with the ET group performing 30% more resistance training than MT group,
the rate of adaptation of maximum box lift (ET: 17% improvement; MT 14%) and
generic strength (Bench press, ET: 16.8% improvement; MT 13.8%, Isometric strength,
ET: 3.7% improvement; MT 0.5%) was similar. These results are surprising given
the greater resistance training time and use of non‐linear resistance training in the ET
regimen. It is possible that the similar rate of adaptation contributed to the inclusion
criteria used for this investigation. As a requirement for inclusion into this
intervention subjects had no previous formal resistance training or manual
handling experience. This inclusion criterion were used to maximise the rate of
muscular adaptations, however, it may also have attributed to a lack of significant
interaction between the intervention groups for occupational and generic strength
assessments (Kraemer, 2002). A meta‐analysis summary of training programs (4‐
weeks to 2‐years in duration) revealed that following a resistance training regimen,
strength performance increase were affected by the amount of previous training
history. A 40% improvement in the untrained, 20% in the moderately trained, 16% in
the trained, 10% in the advanced and 2% in elite athletes (Kraemer, 2002). Thus,
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individuals, who are not resistance trained, exhibit the greatest rate of adaptation
following a resistance trained intervention.

It is also possible that the lack of difference between the two groups, ET and MT in
maximal box lift and generic strength tests may be due to the duration of the training
period (8 weeks). Marx et al., (2001) compared two training regimens, a low volume,
high intensity circuit of one set of 8‐12RM, three times per week and a high volume,
low intensity, periodised resistance regimen, of multiple sets of heavy (3‐5RM),
moderate explosive (8‐10RM) and endurance (10‐15RM) exercises, four days per week.
The rate of strength adaptation was observed at three different time points; week 0,
week 12 and week 24. Following 12‐weeks of training, there was no significant
difference between the low volume circuit (linear resistance training) and the high
volume (non‐linear periodised resistance training) model for 1RM bench press (2%;
13%) and leg press (16%; 12%) respectively. However, following the 24‐week regimen,
a significant difference was observed between the two groups, with the high volume,
non‐linear training surpassing the low volume linear resistance circuit regimen in 1RM
bench press (10%; 24%) and leg press (18.5%; 64%) respectively. It is possible therefore,
that a difference may have been observed between the two groups, ET and MT in
maximal box lift and generic strength tests if a longer period of training had been
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conducted.

The 14% improvement in maximal box lift performance observed in the MT group

after the 8 sessions of low volume, high intensity circuit training is greater than that

reported in previous military training literature. Interestingly, only three previous

training investigations have investigated the influence of Basic Military Training on

maximal lift performance (Legg & Duggan, 1996; Rosendal et al., 2003; Williams et al.,

1999), with just one investigation assessing the rate of adaptation observed during an

occupational box lift (Williams et al., 1999). Williams et al., (1999) observed Basic

Military Training improved maximal box lift performance by ~2%, following a 10‐

weeks of training (Williams et al., 1999). In contrast, adaptations observed in this
investigation were significant higher, ~13‐16% and achieved using approximately 80%
less training volume (time) than Williams et al., (1999). This marked performance
increase within the present investigation may be attributable to the initial training
status and gender of the subjects, as relative to the recruited military personnel,
trained in resistance training in the Williams et al., (1999) study. The influence of
initial training status and maximal box lifting performance may be evident in the
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difference observed in mean maximal box lift 20.8 kg in a 40% male cohort,
compared to Williams et al., (1999) with a mean maximal box lift 54.3 kg and a
95%
in

male cohort. Males are generally taller and have a greater muscle mass
the

upper

limb,

which

is advantageous for a fixed height lift of 1.45 m

(McLennan et al., 2001). On the other-hand, there have been articles that show that
gender does not influence strength training adaptations. Marielle et al.,

(2006)

conducted a training study on both untrained males and females. The training
intervention comprised of 5-20 repetitions of 5 sets of unilateral knee extension, three
times per week for a 9-week period. It was established that there was no significant
difference between training interventions for fibre type distribution, however there was
a greater cross sectional area, particularly that of type 1 muscle fibres in males in
comparison to females. This change of muscle fibre cross sectional area did not
influence 1RM strength measurements post training.

Interestingly, the 14% increase in maximal box lift of the MT group was similar
however, with military training studies that have performed supplemental linear
resistance training within Basic Military Training regimen of 10 weeks (Williams
et al., 2002). The supplemental linear sessions (three sets of 6RM load twice per
week) resulted in 8% and 12% improvement in maximal box lift for 1.45m and 1.7 m
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platforms respectively (Williams et al., 2002). The slightly greater increase in the present
investigation may be attributed to a difference within the method adopted by
Williams

et

al.,

(2002) compared

to

the

present

investigation.

Firstly,

the

familiarisation of the resistance training regimen was performed over a 4‐week
period (reduced training stimuli) within the 10‐week intervention, thus leaving
only 6‐weeks to perform the entire training stimuli, while in the present investigation,
familiarisation was performed prior to the intervention, so that the entire 8‐weeks of
training was utilised. Secondly, despite Williams et al., (2002) conducting six
occupational assessments (maximal box lift 1.45 m and 1.70 m, 15 kg repetitive box
lift, 22 kg repetitive box lift, 15 kg loaded march and 22 kg loaded march), only three
were assessed on each subject. Maximum box lift to 1.45 m, 10 kg repetitive box lift
and 15 kg loaded march were performed by platoon one (~25 personnel), whereas
maximum box lift to 1.70 m, 22 kg repetitive box lift and 25 kg loaded march were
performed by platoon two (~25 personnel). Therefore,

the sample size of the two

studies was also quite different as all 40 subjects within our investigation were required
to undertake all occupational assessment tasks, providing a greater representation of
the rate of adaptation within each intervention group.
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5.2.1.3 Concurrent training and strength adaptation
Concurrent training appeared to not impact on the rate of strength adaptations within

the ET, despite performing high intensity training, which has been reported to have a

negative effect on strength performance (Kraemer et al., 1995). Kraemer et al., (1995)

prescribed a 12‐week training regimen on 35 military personnel randomised into four

training interventions at a frequency of four sessions per week. During this 12‐week
period, an endurance training intervention (continuous endurance running at 85%
V O2max and high intensity interval training at 90‐100%

V

O2max), a strength

training intervention (three sets at 10-25RM hypertrophy and five sets at 5RM strength)
and two combined training interventions, concurrent endurance and strength training
were performed. The endurance component of both the concurrent interventions was
identical to the single training regimen endurance group. The only difference was in
their strength training regimen component, one was identical to the single strength
regimen (total body), while the other was limited to upper limb strength training.
Following the 12-week training period, there was a 10.5% difference in the relative
improvement in 1RM leg press performance in the concurrent whole body group
relative to the singular strength training, despite performing the same resistance

regimen. This suggests that the endurance training impeded the development of

muscular strength. The lack of difference in 6RM squat found in the current study

relative to the 1RM leg press found by Kraemer et al., (1995) may be attributed to the
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differences in the total endurance training volume (time), which was significantly
lower in the present investigation.
Additionally, increased endurance training volume (time) has been observed to
impede on the rate of strength adaptation (Rønnestad et al., 2012). Rønnestad et al.,
(2012) found a 25% performance decrement in 1RM strength (leg press and half squat),
15% reduction in the rate of force development, 7% reduction in squat jump and 4%
reduction in cross sectional area in 12 well trained cyclists, following 12‐weeks of
concurrent

strength training compared to strength and endurance training

regimens only.

This

improved

at

strength

and

a

meant

that

reduced
endurance

rate

the
in

only

concurrent
comparison
regimens.

group
to

the

The strength

protocol utilised within this investigation required subjects to exercise three times per
week at an intensity of 4‐10RM. While the concurrent training regimen replicated the
strength protocol with an additional 10 hours of high volume cycling per week
(Rønnestad et al., 2012). The authors observed diminished strength gains in the
concurrent group, thus providing evidence that endurance training impedes the
development of strength. In contrast, the strength improvements found in the
ET

group

of

the

current investigation were consistent with the strength

improvements in 1RM squat and 1RM bench press of the concurrent, non‐linear
Page 170

training study of Harman et al., (2008). The endurance training volume (time) of
Harman et al (2008a) and the current investigation were both markedly less than
Rønnestad et al., (2012), in fact, Harman et al., (2008a) had a 15‐ fold reduction and the
present investigation had a 30‐fold reduction in endurance raining volume (time).
This further reiterates the importance of reducing endurance training volume to
establish the greatest possible rate of strength adaptation following a concurrent
training regimen.

5.2.2 Endurance adaptations
Despite an 87% difference in endurance training volume (time), a similar rate of
adaptation was observed for the 2.4 km endurance run for ET (8.5%) and MT
(11.8%), however there was not a significant interaction between training regimens.
Therefore, the improvements in 2.4 km endurance run performance of the ET
group were not impeded by the reduced endurance training volume (time). This
result cannot be compared to previous concurrent training studies, as no previous
concurrent study has had such a marked difference in endurance training volume
(time) time between intervention groups. The results were consistent however, with
Costill et al., (1991) who had an overall 20% reduction in endurance training volume
(time) between groups (Costill et al., 1991; Gledhill & Jamnik, 1992a), with no
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difference in endurance performance. Costill et al., (1991) trained 24 university
male swimmers, in an already established 24‐week training regimen. The
swimmers were matched for stroke specialty, previous training and skills and placed
into two training regimens (Short, versus Long). The first 4‐weeks of training
were identical between the interventions, with 1.5‐hours performed per day.

The following 6‐weeks involved a 50% reduction in training volume (time), with
1.5 hours (Short) and 3 hours (Long) performed per day. This meant that the
Long training regimen performed double the training volume (time) to that of
the Short regimen. The subsequent 14‐weeks were of identical training volume
(time), similar to that of the first 4‐ week period. Following the intervention, there
was no difference in the performance improvement of the 183 m and 2 743 m
swimming events between the Long and the Short group (2.15% and 2%
respectively), despite the overall 20% reduction in training volume of the Short
group. Therefore, as in the current investigation where no difference was found
in the 2.4 km endurance run despite the dramatic reduction in endurance training
volume (time), no difference was evident in the endurance distance swim
performance over a 2 743 m distance.
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The improvement in the 2.4 km endurance run for ET (8.5%) and MT (11.8%) following

concurrent training was consistent with those observed by Harman et al., (2008a).

Harman et al, (2008a) found improvements in 3.2 km unloaded run performance in

two different concurrent training regimen, a weight‐based training program (linear

resistance training, sprint intervals; 13% improvement) and a Basic Military Training

program (12% improvement). The improvement in both concurrent training groups of

the 3.2 km unloaded run suggests that the addition of the linear strength training did

not impede the rate of adaptation of endurance performance. Furthermore, the high

intensity sprint intervals of the weight‐based training group also did not impede the

rate of strength adaptation, as maximal bench press improvement was the same for

both intervention groups (weight based training group: 11%; Basic Military training

12%) (Harman et al., 2008a). The bouts of higher intensity training within the

endurance training protocols of the current study and that of Harman et al, (2008a)

were aimed to compensate for the reduction in total endurance volume. As high

endurance volumes have been found to impede strength development in concurrent
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training programs, perhaps the lower volume with higher intensity bouts enabled the

current study and Harman et al, (2008a) to still achieve improvements in endurance

running performance.

However, the use of high velocity or high intensity training has been associated with
an increase in the rate of injuries amongst the general population (Esfarjani &
Laursen, 2007; Jones et al., 1993; Jones & Knapik, 1999; Knapik, 1996). The mechanism
for the increased incidence of injuries has been associated with relatively higher
joint‐reaction forces generated with sprinting activities and within new recruits
relatively lower levels of lean body mass compared to total mass (Laursen & Jenkins,
2002; Sharp et al., 2002). However, it is believed that military ARMY recruits
have a higher level of general fitness than that of the general population
(Jones et al.,, 1999). As there is limited information on high intensity
training within a military context, high intensity exercise is not a common form
of endurance training regimen within current Basic
Australia,

(Orme,

2005).

High

volume

Military

Training

within

continuous running at lower relative

intensities is the preferred form of Basic Military Training. However, such training
has been shown to be a significant contributor to overuse injuries (Jones et al.,
1993). Jones et al., (1993) tracked 303 new recruits through a 12‐ week Basic Military
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Training regimen. Eighty percent of injuries sustained were attributable to lower
extremity related injuries from high volume endurance running and pack marching
performed

within

the Basic

Military

Training.

The

results

of

the current

investigation do not support a relationship between exercise intensity and injuries
as no injuries were observed following the high intensity sprint training of the ET
regimen.

In contrast, within the military training group, four mild ligamentous

ankle strains were recorded due to pack marches and endurance running.

5.2.2.1 Volume and intensity

The results from the present investigation show that reducing training volume
(time) by increasing the endurance intensity, is a time efficient strategy for the
military to undertake without, compromising endurance (2.4 km) adaptation. The
high intensity (velocity) training of the ET group has not previously been performed in
a field based setting, or over an 8‐week training period. The majority of previous
high

intensity training studies have been performed on a cycle ergometer

(Burgomaster et al., 2008; Burgomaster et al., 2005; Gibala et al., 2006; Little et al., 2010;
Talanian et al., 2007). In order to make the training applicable to an ARMY setting,
the ET high intensity (velocity) training sessions in the present investigation were
performed running on a grass oval. The high intensity (velocity) protocol was 30
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seconds of high intensity efforts, interspersed with a 4‐min active rest period, once per
week (2.5 min) over an 8‐ week period (total of 17.5 min). This elicited 8.5% increase in
2.4 km endurance, which is a much less dramatic result, compared to Burgomaster et
al., (2008) who found a 100% improvement from baseline. However, it is difficult to
compare the results of the two studies, as even though the total time was similar
(15min versus 17.5 min), the high intensity protocols were very different (30 seconds
high intensity, interspersed with a 4‐min active rest period, once per week over an 8‐
week period compared to every second day over a 2‐week period, six sessions) and run
over a very different time period (8 weeks versus 2 weeks).

There has only been two military training interventions that have utilised high

intensity sprint training within a concurrent methodology (Harman et al., 2008a;

Hendrickson et al., 2010). The 6RM squat improvement in the ET training group of the

current investigation was similar to both of these studies. Harman et al., (2008)

performed high intensity (velocity) training in two different concurrent training

interventions, which consisted of a 1:2 work to rest ratio (30 second sprint, 60 second

walk ‐ 1.5 hour session, exact volume duration not stated). Maximal bench press
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improved by 12% and 11% in both groups, while maximal squat performance

improved by 12% and 10%. In contrast, the high intensity training of the ET group in

the present investigation was a 1:8 work to rest ratio (30 second sprint, 4‐minute walk)

which accumulated to only 2.5 minutes of high velocity endurance training per week

over an 8‐week period. The strength gains achieved in the present investigation were

greater than Harman et al, (2008a), with a 23% increase in 6RM squat performance. This

was more similar to the results of Hendrickson et al., (2010), who found a 35% 1RM

performance improvement. This may be attributed to the non‐linear resistance training

used by Hendrickson et al., (2010) and the present investigation, in contrast to Harman

et al, (2008a) who used a linear protocol.

In contrast, to the high intensity endurance training used in the present investigation,

high endurance, low intensity volume training has suggested to impede muscular

strength adaptations, particularly 1RM strength performance (Kraemer et al., 1995).

Kraemer et al., (1995) compared a 12‐week concurrent military training, combining
strength training and endurance training to a singular endurance and a singular
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strength regimens. The strength training included strength (3‐8RM) and hypertrophy
(8‐12RM) loading, and the endurance regimen consisted of two sessions of continuous
long distance running (40‐minutes at 80‐85%

V O

) and two sessions of

2max

higher intensity intervals (90-100% VO2max at a 1:0.5 work to rest ratio). Unfortunately
again, training volume (time) was not matched limiting comparisons between the
regimens, with the concurrent regimen performing double the training volume (time)
to

that

of

the

singular

endurance

or

strength

regimens.

Following the 12‐week training intervention, a 30% reduction in 1RM strength
performance (leg press and bilateral knee extension) t h a t

was observed in

concurrent regimen in comparison to the strength alone. However, VO 2max displayed a
similar increase in the rate of adaptation in both regimens, with a 7% and 12% gain
observed in concurrent regimen and endurance regimens respectively (Kraemer,
et al., 1995).

Interestingly, within the present investigation, the improvement in 2.4 km endurance
run performance was not coupled with an increase in VO2peak. The ET group in fact

significantly reduced VO2peak following the intervention period. This may be due to
insufficient training volume (time) in the ET group (2.5 minutes once per week,
accumulating to

20

minutes

over

8‐week

period)

and/or

interference

from

concurrent power resistance training (Paavolainen et al., 1999). It should be noted
that the training volume of the ET group was only one third of the training
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stimuli

of

other

high

intensity

training

studies

which

reported

VO2peak

improvements following a training intervention (Duffield et al., 2006; Talanian et al.,
2007). It is also possible that the high intensity sprint sessions, which were
performed one week apart, over an 8‐week training period, may have resulted in a
reduced stimulus and in turn, a reduced rate of VO2peak performance improvement. The
optimal volume and duration of high intensity training is not known, particularly
within a concurrent training regimen. However, improvements in VO2peak has been
shown to result when high intensity (velocity) training is the primary stimuli, rather than
in a concurrent setting (Duffield et al., 2006; Hergerud et al., 2007).

Esfarjani and Laursen (2007) revealed that a greater training duration and volume is

required for central and peripheral adaptations to occur to improve VO2peak
measurements. Greater training volume (time) of high intensity exercise has
however, only been

reported

within

single

training

regimen

investigations.

Duffield et al., (2006) prescribed high intensity exercise on a cycle ergometer, three
times per week for an 8‐ week period, of up to 12 intervals of 2‐minute sprints,
interspersed with 1‐minute active rest periods. A 21% increase in the rate of VO2peak
endurance adaptation was observed following the 8‐week intervention. Similarly,
Talanian et al., (2007) conducted ten repetitions of 4‐minute high intensity bouts
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interspersed with 2‐minute rest periods for a 2-week period and found a 13% increase
in the rate of VO2peak endurance adaptation following the training regimen. This lack of
improvement in the VO2peak of the ET training group in the current investigation
was more similar to the small improvements in 6‐week Basic Military Training
concurrent regimen conducted by Brock et al., (1997) and 10‐week Basic Military
Training regimen conducted by Williams et al., (1999) (2‐6% VO2max increase). These
may be due to the fact that these two military studies and the current study used
concurrent training, while Duffield et al., (2006) and Talanian et al., (2007) did not.

The inclusion of explosive strength training in the ET group did not have a negative
impact on the rate of adaptation of the 2.4 km endurance run performance, as it did on .

VO2peak. The dissociation between

.

VO2peak and endurance run time has been observed

previously within a concurrent training regimen, with training volume (time)
matched (Paavolainen et al., 1999). Paavolainen et al., (1999) suggested that
endurance run performance may be attributable to improved running economy and
communication between the brain and the motor unit, following explosive power
training (Esfarjani & Laursen, 2007; Paavolainen et al., 1999). Paavolainen et al.,
(1999)

established Iimprovements

in

endurance

performance

when

32%

of

endurance training volume (time) was replaced with concurrent explosive resistance
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training and sprinting exercises for a 9‐week

period.

Following

this

training

intervention, 5 km endurance run time improved exclusive to VO2peak (Paavolainen
et al., 1999). Similarly, explosive resistance training was performed within the ET
group with the exercises chosen (split lunges and explosive squat jumps) specific to
explosive running range of motion and muscle activation. Thus, in the current
investigation, split lunges and explosive squat jumps may have developed explosive
speed and may have contributed to the improved 2.4 km endurance run time.

5.3 Limitations
Resources and time commitments meant that a 12‐week training intervention could not
be performed for the current investigation. It is possible that if the additional 4‐weeks
of training were implemented, a greater difference or interaction between the
intervention groups may have been observed. Additionally, the subject cohort was

primarily female, which is not representative of the military gender balance. Gender
may have influenced the rate of strength adaptation observed following the training
regimen. All of the training in the current study was supervised by an exercise
physiologist rather than military personal trainers, which may have affected the
training. As this investigation was primarily focused on occupational manual handling
performance, a loaded 2.4 km march or run was not performed. Previous
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investigations have shown that supplemental resistance training increases loaded
marching and running performance. This would have been interesting to observe, as

the addition of resistance training may further reiterate the importance o f
altering

the

percentage

of

endurance (pack marching and

continuous running) training within the Basic Military Training regimen. Scientific
validity was sacrificed as the investigation was not conducted as a double-blinded study.
The primary researcher was involved in both the assessment and the training components
of the study and subjects were aware of both training regimens. Due to a lack of funding
however, a full-time lab assistant could not be employed.

5.4 Summary
From this investigation, it is believed that it is worthwhile for the military to consider
implementing all or some of the aspects of the ET of the current investigation. For the
same time commitment, there was a similar rate of adaptation in occupational lifting
performance, generic strength, aerobic power, agility and assessments of military
physical capacity, with the additional benefit of increased repetitive box lift and squat
performance. These movements are fundamental to manual handling performance and
physical demands performed daily within the military and are contributing to the cost
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of injury rate. Of special importance to military, the 2.4 km run did not differ despite
an 87% endurance volume reduction. The reduction in endurance training volume (time)
h a s the potential to reduce the incidence and therefore cost of high volume
training, overuse injuries.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS
FOR FURTHER RESEARCH
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6.0 CONCLUSION
This investigation was the first military training study to perform concurrent non
linear resistance training and high intensity (velocity) endurance training in a volume
matched model. Previous international military training literature has highlighted the
requirement of resistance training and the need for inclusion into Basic Military
Training for improved occupational performance. However, the current Australian
Basic Military method of training is still heavily endurance based.

Non- linear resistance training enables a greater opportunity for individual load
progression and the opportunity to target multiple training protocols at once. This
investigation included three different training protocols performed within one training
program and utilised external loading methods. Within the Basic Military Training
regimen, limited external loading methods are performed, with focus on high
repetition (muscular endurance) resistance training. Implementation of higher load,
lower repetitions proved beneficial for the rate of adaptation in the repetitive box lift
and 6RM squat within the ET. The lack of a strength training regimen within the
military is surprising as often soldiers are commonly required to perform significant
strength tasks daily within their occupations.
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Within this investigation, for the same total training time commitment per week, the
ET and MT regimens produced a similar rate of adaptation for occupational lifting
performance, generic strength, aerobic power, agility and assessments of military
physical capacity, with the addition of magnification of repetitive box lift and 6RM
squat performance in ET. A greater magnitude of strength adaptation occurred when
there was mechanical similarity between the assessment and the exercises performed
within the training regimen. This was apparent in the ET when three different loading
methods for the squat movement produced marked strength gain in 6RM squat
assessment in the ET.

Further, a difference in endurance training volume (time) by 87% did not impact on
2.4 km endurance run performance, a common assessment performed within the
military. This reduction of high volume endurance training could reduce the incidence
and cost of overuse injuries reported within and following Basic Military Training.
Within this investigation four ligamentum ankle sprains occurred in the MT, in
contrast to no injuries sustained following high intensity (velocity) endurance
ET

regimen. Furthermore, implementation of high intensity (velocity) training

enabled training time and volume to be matched between the ET and MT.

Lastly, there was no detrimental effect on strength (maximal box lift, 6RM squat, RM
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bench press) or endurance (2.4 km endurance run) adaptation following the concurrent
training regimen of the ET group. In fact, the addition of explosive resistance training
is thought to have positively influenced 2.4 km endurance run performance in the ET.
Therefore, the inclusion of non-linear resistance training within a concurrent regimen
would be worthwhile for the military regimen for occupational performance benefit.
The training model performed within this investigation also adheres to the strict time
constraints within a military setting. Therefore, this training model would enable the
most time efficient method of improving occupational performance without resulting
in a detrimental effect in endurance performance.

6.1 Recommendations for further research



Implementation of a 12‐week intervention to observe the impact of an
additional 4‐weeks of training on occupational performance following either
an ET or MT regimen.



This investigation was non-invasive, however to quantify the change in cross
sectional area and hypertrophic response following a resistance training
regimen, intra muscular biopsies or magnetic resonance imaging (MRI) could
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be performed. These methods would assist in identifying phenotypic changes
to the muscle following an experimental resistance training regimen.



To observe the neural mediated strength responses, electromyography
performed at multiple phases along the intervention would aid in the
differentiation of neural versus hypertrophy strength adaptation.



To observe the greatest possible rate of adaptation, an untrained cohort was
implemented for this investigation. However it would be ideal to implement
the ET regimen on a trained military cohort to observe the change in rate of
strength and endurance adaptations.



The next step in the research is to prescribe the ET regimen for replication in a
military environment. Rather than using gym based machines, the challenge
would be to progress external mass via objects that are currently used within a
military environment. The difference would be that non linear resistance
training would be performed, targeting occupational performance. Objects
such as sand bags, kettle bells, dumbbells and tyres could be used as external
load within the resistance training regimen.
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SUBJECT INFORMATION PACKAGE

How best to improve lifting capacity; a functional or basic military training
approach?
ITEM 1: PROJECT OBJECTIVES
To determine the most effective training programme for improving lifting capacity.
ITEM 2: RATIONALE
There are many aspects of our day to day life that require some type of lifting, whether it be in
an occupational setting or around the home. Many of these lifting tasks, depending on the size
and weight of the object, require a high strength component, for example replacing a tyre and
lifting pot plants. If you have never completed this task before, you might find it difficult to
perform and be uncertain how to lift the item safely. You might have an idea of how much you
feel you could lift, which may be different to how much you can actually lift. By being
taught and trained in movements of lifting, this feeling of uncertainty may decrease, as
technique is improved. There are many types of training that can benefit you in your ability to
complete these tasks. Within this study we will be investigating the effect of three different
training programs; functional, stretching and basic military training program on the ability to
perform lifting tasks.

ITEM 3: TEST PROCEDURES
You will be required to attend the exercise physiology laboratory (41:307/308) on 47 occasions
over a 14 week period. Eleven visits will be required to assess your physical capacity (six prior to
training and five upon the completion of training) and 36 visits (3 times per week for 12 weeks)
will be required during the training phase.
Each visit to the laboratory for a physical assessment will take approximately 1-2 hours of
your time. During each session you will be required to perform a series of box squat lifts,
strength assessments, endurance assessments or field-based tests.
During the training programme each exercise session will take a maximum of 1 hour of your
time. The program will be supervised and the training load will be individualised to suit your
physical needs.
Session 1
In the first session you will become familiarised with the strength and endurance equipment to
be used during the assessment phase of this project. The protocols for each assessment will also
be explained to you. You will be required to perform the box lift a number of times unloaded to
ensure you can perform the movement consistently and safely, and feel comfortable
with each assessment task.
Session 2
Within this session we will measure your height, body weight, arm grip length, blood pressure
and hip and shoulder heights. Your maximal lift capacity will also be assessed. This will consist
of a warm up lifting an unloaded and then lightly loaded box. Once warmed-up the box mass
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will start at 8kg and you will be required to lift the box from ground level to a 1.7m height.
Should you successfully complete the lift, the mass of the box will be gradually increased until
we determine the maximum amount you are able to lift to 1.7m in a single repetition. This can
be described as your maximal lifting capacity, and is normally reached within 3-5 lifts. To
ensure adequate recovery, there will be 3-5 minutes rest between each lift attempt. You will
also be required to perform an assessment that is an actual occupational task performed within
the Army. The pack
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lift and place will be to a 1.7m height, a height common to tanks and trucks within the military
will be similar to that of the 1RM box lift assessment. The pack will start at 8kg and following
each lift, a gradual increase in weight via small, medium or large increments will be made until
you reach your maximal lifting capacity.

Session 3
Session 3 will comprise of a mixture of endurance and strength components. Your grip strength
will be tested via a small device that you squeeze as hard as possible with your elbow in 90° for a
3 second period. Three repetitions will be completed. Grip strength is important in lifting as
most lifting tasks have handles which need to be held throughout the performance.
For the second strength component, we will be testing the strength of your leg muscles whilst
sitting in a specialised machine. You will be strapped in and measured to suit your lower leg.
You will be asked to extend (straighten) your leg as quickly and as forcefully as possible
within a 3 second period. Following each leg extension a 3 minute rest period will be used to
allow for full muscle recovery.
The last component of this session will require you to perform a treadmill test that will
gradually increase in grade and speed. This test, from experience, usually lasts between 12-15
minutes. You will be required to breathe through a mouth piece that will be connected to a
gas analysis system. This test, will measure your endurance fitness. You will notice your
breathing and heart rate increase significantly. The test is performed until you decide that you
can no longer maintain the pace.
Session 4
Session 4 will involve a mixture of lifting and power assessments.
Initially, you will be asked to perform a maximal acceptable lifting assessment to 1.7m. The
difference between this lifting assessment and the one you performed within session 2 is that we
are looking at the weight you feel you can lift comfortably without strain. To do this, you will
be presented with two identical boxes, one significantly lighter than the other. The lifting
movement will be identical to that as performed within session 2, however the box weight can
be added or reduced multiple times within small, medium and large increments until you feel
a comfortable weight has been reached. It is important to note that you will not know the start
weight of the box. Following 15-20 minutes rest to allow muscle regeneration, you will be required
to perform another lifting assessment. This time you will be required to lift a box from ground
level, walk around a pre-determined 10m course and place the box onto the 1.7m height and
lower onto ground level. You will be required to keep up with the cadence of 3 lifts per minute.
Your heart rate and rating of perceived exertion will be monitored throughout. The weight will
be incrementally increased, every 2 minutes, until you can no longer maintain the cadence.
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Session 5
Within this session we will look at two strength components and one lifting component.
The first strength assessment; a squat, will be performed as a 6RM, or the weight you can squat
for 6 repetitions. There will be 3-5 minutes rest between attempts to enable full muscle recovery. A
squat is like the movement you perform when you are sitting down and up from a chair.

The second strength assessment will be in the form of a 1RM, or the amount you can lift in
one repetition. The movement for this assessment will be a bench press, which will require you
to lie on your back, with elbows at 90°and push the weight until your arms are straightened. The
weight will be incrementally increased until you can only perform one repetition. There will be
between 3-5 minutes rest between lifting attempts for muscle recovery. You will have people
spotting and supervising each repetition for both assessments for safety. Following 15-20 minutes
rest you will
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be asked to perform a vertical jump to assess lower limb power. Agility will be assessed via the
Illinois agility test, where you will be required to traverse the obstacle course in the fastest
time possible. This form of testing will allow change of direction, speed and acceleration
to be measured.
Session 6
The final session will involve field based tests, with some being actual military assessments that
are currently used within the Australian Defence Force. You will also be required to sprint a
30m distance as fast as possible. After completion the sprint tasks you will be required to
perform a Basic Fitness Assessment (BFA) as used by the Australian Defence Force, this involves
a timed 2.4km run/walk, push ups in 2 minutes and sit ups to a cadence.
Training Intervention: Sessions 7 - 41
Once you have completed the above sessions, you will be randomly placed into one of two
groups:
Basic Military Training- this will comprise of 2 endurance exercise sessions and one
resistance session (circuit) working on whole body conditioning and fitness. The sessions
will be a maximum of 60 minutes.
Functional Training- this will comprise of 3 sessions that have a mixture of endurance
and resistance training within each session. The sessions will be a maximum of 60 minutes.

Reassessment: Sessions 42 – 47
Upon completion of the training phase, your physical fitness will be re-assessed. During this
phase, Session 2 – 6 will be repeated.

Monitoring
Heart rate monitor: An adjustable strap will be placed around your chest, and fitted for comfort.
This strap has two electrodes that will detect the electrical activity of your heart. The strap
will send a wireless signal to a watch which will be used to determine your heart rate. This
will be utilised during the training intervention, lifting protocols, treadmill assessment, the field
based tests and the functional occupational assessment to monitor intensity rates.
Rating of perceived exertion: At the completion of the each lift, you will be asked to give a rating of
your exertion from a 0.5 (no effort at all) to 10 (maximal effort). This measurement will also be
used during the training intervention and treadmill assessment.
Progression: Re-assessment of strength tasks will be completed to make sure that you are not
getting used to the exercise and are still working within the required range for the protocol of
that session. A log book will be used to note any progressions. Progressions such as an increase
in weight will be individualised and is dependent upon your own ability.

ITEM 4: HAZARDS AND DISCOMFORTS
Exercise
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As with any task there is a risk of injury. We will minimise this risk by familiarising you with the
task and monitoring your lifting technique. Should your lifting technique be incorrect, you
will be required to stop the lift. This will be a sign that you have reached your maximal lift
capacity. Furthermore, the short periods of maximal exercise, may result in mild delayed muscle
soreness.

Muscle soreness is a normal response to unaccustomed physical activity. Muscle soreness will
peak normally two days after the physical activity bout and then return to normal over the next
few days.
The physical training as part of this programme may also cause some muscle soreness, however
this should be minimised, as training loads will be commence at low levels and be increased on
the basis of each individual’s performance.
Please note that we have requested emergency contact information from you. This information
will only be used and contact only made with the person in the case of a medical emergency
during the conduct of this project.
Please note should there be a requirement for compensation in the event of accident or injury, this
research project is covered under the University General Clinical Trial Protection insurance policy.

ITEM 5: BENEFITS OF THE RESEARCH
This research will allow the investigators to have better understanding of the effect
different training programs on lifting capacity, physical fitness and injuries. The investigation may
also allow the researchers to publish the results in a peer reviewed journal. We predict that all
subjects will experience direct benefits from the training intervention in the form of either
increased range of motion, physical fitness or general wellbeing.
No researchers will receive payment for conducting this investigation.

ITEM 6: INQUIRIES
Questions concerning the procedures, or rationale, used in this investigation are welcome at any
time. Please ask for clarification of any point which you feel is not explained to your
satisfaction. Your initial contact person is the investigator conducting this project Dr Herb
Groeller (School of Health Sciences, University of Wollongong: phone 02-4221-3461), or Miss
Laura Holland (School of Health Sciences, University of Wollongong: phone 02-4221-4309). For
further information about the conduct of human experiments in general, please contact the
Secretary of the Human Research Ethics Committee, University of Wollongong (phone: 02-42214457).

ITEM 7: FREEDOM OF CONSENT
Participation in this project is entirely voluntary. You are free to deny consent before, or during,
the experiment. In the latter case, such withdrawal of consent should be performed at the time
you specify, and not at the end of a particular trial. Your participation, or withdrawal of consent,
will not influence your present, or future, involvement with the University of Wollongong. In
the case of student involvement, such participation of withdrawal of consent will not influence
grades awarded by the University. You have the right to withdraw from any experiment, and
this right shall be preserved over and above the goals of the experiment.
Should you wish to withdraw your participation and related data please contact one of
the investigators listed in Item 6 of this information sheet to have your participation and research
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data immediately withdrawn from the investigation.

ITEM 8: CONFIDENTIALITY
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All questions, answers and results of this study will be treated with absolute confidentiality.
All experimental data will be stored in locked cabinets for a minimum of five years. Subjects will
never be identified within reports or manuscripts using either their names or initials. Instead,
subjects will only be identified using alphanumeric codes. Occasionally, we will record parts
of experiments using video or still photographs. These images may be used for conference
presentations, dissertations, manuscripts, lectures or laboratory demonstrations. In all printed
forms, we will mask the identity of the experimental subject. Prior to any such photography, you
will be asked to provide your explicit consent for such images to be captured. There is no
obligation to provide this consent.
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INFORMED CONSENT:

How best to improve lifting capacity; a functional or basic military training
approach?
The researchers conducting this project adhere to the Declaration of Helsinki, and follow the
principles governing both the ethical conduct of research and the protection (at all times) of the
interests, comfort and safety of experimental subjects. This form, and the accompanying Subject
Information Package, are given to you for your own protection, and contain an outline of the
experimental procedures and the possible hazards.
My signature below indicates five things:
(1) I have received and carefully read the Subject Information Package.
(2) I have been given the opportunity to discuss the content of this document with one of
the researchers prior to commencing the experiment.
(3) I clearly understand these experimental procedures and possible hazards.
(4) I voluntarily agree to participate in the project.
(5) My participation may be terminated at any point without jeopardising my present, or
future involvement with the University, or, in the case of a student, my assessment for any
subjects, or courses undertaken through the University.
Questions concerning the procedures, or rationale, used in this investigation are welcome at any
time. Please ask for clarification of any point that you feel is not explained to your satisfaction.
Your initial contact person is: Dr Herb Groeller (School of Health Sciences, University of
Wollongong: phone 02-4221-3461). For further information about the conduct of human
experiments, please contact the Secretary of the Human Research Ethics Committee, University
of Wollongong (phone: 02-4221-4457).
I agree to participate in the experiment outlined in the Subject Information Package, that will be
conducted within the Exercise Physiology Research Laboratory (building 41.307/308) at the
University of Wollongong.
Last name: __________________ Given name: ______________ Date of Birth: __/__/__
Address: _______________________________________________________
_______________________________________________________
Do you give consent for photographs of yourself (dressed as described in the Subject Information
Package, with your identity masked) to be taken during experimentation for educational/research
purposes? _____

Name and phone number of contact person in case of an emergency:
Name: _________________________ Phone: ________________
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Family doctor: _________________________ Phone: ________________

Signature: __________________________ Date: __/__/__
Witness: Name ______________________ Signature: _______________
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SUBJECT SCREENING
QUESTIONNAIRE: Exercise
Research Laboratory
School of Health Sciences, University of Wollongong
Please answer the following questions as frankly and accurately as possible.
This questionnaire is designed to protect the health of both the subject and experimenter.
ALL INFORMATION OBTAINED IN THIS STUDY WILL BE KEPT
CONFIDENTIAL.
NAME: _______________________________________________________
RESEARCH ID CODE: (leave blank) ________________ DATE: _____________________
ADDRESS: _____________________________________________________________________
______________________________________________________ Post Code ________
TELEPHONE: Home: _______________________ Work: _____________________
DATE OF BIRTH: ________________ (dd/mm/yr) AGE: _________ years
GENDER: ( ) male ( ) female
MARITAL STATUS: ( ) single

( ) married

( ) widowed

( ) separated

SECTION A: OCCUPATIONAL HISTORY:
(1) Your current occupation or job:
__________________________________________________ (2) Specify total period at this
occupation: ______ years.
(3) As part of your present or past occupation, have you ever worked in or been exposed
for long periods to: ( ) dusty jobs ( ) smoky jobs ( ) gas fumes ( ) chemical fumes
SECTION B: MEDICAL HISTORY:
(1) Your family or personal doctor's details:
Name: __________________________________ Telephone Number: ___________________
Address: ________________________________________________________________________
(2) Do you have, or have you had any of these illnesses?
(a) Heart problems:

( ) yes

( ) no

If yes, please indicate the doctor’s diagnosis:
_____________________________________ First incident at age ______ years. Last
incident on: ______________ (dd/mm/yr).
(b) Respiratory (lung) problems:

( ) yes

( ) no
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If yes, please indicate the doctor's diagnosis:
_____________________________________ First incident at age ______ years. Last
incident on: ______________ (dd/mm/yr).
(c) Renal problems:

( ) yes

( ) no

If yes, please indicate the doctor's diagnosis:
_____________________________________ First incident at age ______ years. Last
incident on: ______________ (dd/mm/yr).
(3) Do you have, or have you had, any of these other illnesses or health problems? For
example, high blood pressure, diabetes, muscle, bone, joint, neural disorders or major
operations. If no, skip to next question. If yes, please complete the details below for each
item.
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(a) If yes, please indicate the doctor's diagnosis:
__________________________________ First incident at age ______ years. Last
incident on: ______________ (dd/mm/yr).
(b) If yes, please indicate the doctor's diagnosis:
__________________________________ First incident at age ______ years. Last
incident on: ______________ (dd/mm/yr).
(c) If yes, please indicate the doctor's diagnosis:
__________________________________ First incident at age ______ years. Last
incident on: ______________ (dd/mm/yr).
(4) Do you have any medical condition(s) you feel the researchers should know about?
( ) no

( ) yes: please give details:

_________________________________________ (5) Are you currently taking any
medication prescribed by a doctor?
( ) no

( ) yes: please give details:

_________________________________________ (6) Has a doctor ever said you have a
heart condition and recommended only medically-supervised physical activity?
( ) no

( ) yes

(7) Do you have chest pain which was brought on by physical
activity? ( ) no

( ) yes

(8) Have you developed non-respiratory chest pain within the past
month? ( ) no

( ) yes

(9) Do you have a tendency to lose consciousness or fall over as a result of
dizziness? ( ) no

( ) yes

(10) Has a doctor ever recommended medication for blood pressure or a heart
condition? ( ) no

( ) yes

(11) Do you have a bone or joint problem that could be aggravated by physical
activity? ( ) no

( ) yes

(12) Are you aware, through your own experience, or through a doctor's advice, of any
other physical reason against your exercising without medical supervision?
( ) no

( ) yes

If yes, please explain briefly:
_____________________________________________ (13) Do you ever have to stop for
a rest, or to catch your breath, when:
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( ) only when engaging in very strenuous
exercise ( ) walking at your own pace on level
ground
( ) walking up a slight hill or
stairs ( ) dressing & undressing
( ) gardening
( ) other activities: please
specify:__________________________________________ (14) Do you usually cough on
getting up, or first thing in the morning?
( ) no

( ) yes

(15) Do you usually cough during the day or night?

Page 219

( ) no

( ) yes

(16) Do you usually cough like this most days, or 3 consecutive months during this
year? ( ) no

( ) yes

If yes, for how many years have you had this cough? ______ years.
(17) Do you usually cough up phlegm on getting up, or first thing in the
morning? ( ) no

( ) yes

(18) Do you usually cough up phlegm during the day or at
night? ( ) no ( ) yes
(19) Do you usually produce phlegm daily, or 3 consecutive months during this
year? ( ) no

( ) yes

If yes, for how many years have you had trouble with phlegm? ______ years.
(20) Does your chest ever sound wheezy or whistling, either at rest or during
exercise? ( ) no

( ) yes

If yes, for how many years has it been present? ______ years.
(21) Have you ever had an attack of wheezing that has made you feel short of
breath? ( ) no ( ) yes
If yes, have you ever required medicine or treatment for such an
attack? ( ) no ( ) yes
SECTION C: SMOKING
HISTORY: (1) Have you ever
smoked cigarettes?
( ) no: go to Section D ( ) yes
“NO” means less than 20 packs in a lifetime or less than 1 cigarette a day for 1
year. (2) If yes, do you now smoke cigarettes (as of 1 month ago)?
( ) no

( ) yes

(3) If yes, how old were you when you first started regular smoking? __ years.
(4) If yes, how many cigarettes do you smoke per day now? ______ cigarettes per
day. (5) If you stopped smoking completely, how old were you when you
stopped? ___ years.
SECTION D: PHYSICAL ACTIVITY HISTORY:
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(1) Do you consider yourself to be sedentary?
You exercise once or less per week for the last 10 years or for more than 2 years continuously since
turning 20 years.
( ) no

( ) yes
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(2) Do you considered yourself to be habitually active?
You are currently active, you have a long history of regular physical activity since turning 20
years, or for more than 10 years, and you exercise more than 3 times per week at an intensity
greater than 50% of your maximal capacity.
( ) no

( ) yes

(3) Does your employment involve physical
work? ( ) no ( ) yes
If yes, on an average day, how hard would describe this work?
( ) light

( ) moderately heavy ( ) hard

( ) very hard

(4) On average, and when considered over the last month, how frequently are you
engaged in recreational or sporting physical exercise (such as: running, walking,
swimming, cycling, playing active sports or games, dancing, etc.)?
( ) less than once per week ( ) once per week

( ) 2-3 times per

week ( ) 4-6 times per week

( ) at least once per

day
(5) On average, and when considered over the last month, how long would you
spend (in a single session) engaged in these recreational or sporting physical
exercise?
( ) less than 15 minutes at a

( ) 15-20 minutes at a

time ( ) 20-30 minutes at a

time ( ) 30-40 minutes at

time

a time

( ) 40-50 minutes at a time

( ) 50-60 minutes at a time

( ) more than 60 minutes at a time
(6) Consider now physical activity which is directed towards increasing your physical
endurance (fitness), that is, vigourous exercise at 60-70% or more of your maximal
capacity. How many times each week do you engage in this type of exercise?
( ) never

( ) rarely

( ) less than once per week ( ) once per

week ( ) 3 times per week ( ) 4 times per week ( ) 5 times per week
( ) 6 times per week ( ) 7 times per week
(7) On average, and when considered over the last month, how long do engage in
such endurance exercise for any given exercise session?
( ) less than 30

( ) 50-60 min

min
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( ) 30-40 min
( ) 60-70 min

( ) 40-50
min
( ) 70-80
min

( ) 80-90 min

( ) 90-100 min

( ) 100-110 min

( ) 110-120 min

( ) greater than 120 min

(8) Consider now your hobbies and household duties (such as: gardening,
home maintenance, scrubbing floors, shopping, etc.) On average, over the last
month, how
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frequently do you engage in physical activity which is unrelated to either your regular
job or your recreational/sporting pursuits?
( ) less than once per week ( ) once per week

( ) 2-3 times per

week ( ) 4-6 times per week

( ) at least once per

day
(9) On average, and when considered over the last month, how long would you
spend (in a single session) engaged in the above physical activity?
( ) less than 15 minutes at a

( ) 15-20 minutes at a

time ( ) 20-30 minutes at a

time ( ) 30-40 minutes at

time

a time

( ) 40-50 minutes at a time

( ) 50-60 minutes at a time

( ) more than 60 minutes at a time
(10) Have you changed your physical activity patterns in the last 5 years?
At work:

(

)

(

)

(

no Sport and recreation:

(

)

increased

(

decreased (

no
Other physical activity:
no

( )

)

) increased

) decreased

( )
increased

( ) decreased

(11) If you answered `YES' to any parts of the above question, then prior to these
changes, did you consider yourself to be:
Sedentary:

( ) no

yes Habitually active:

(

)

( ) no

( ) yes
Declaration:
To the best of my knowledge, my answers to the above questions are true.
Name:

Witness: _________________________

_____________________________

Signature: _______________________
Date: ________________

Signature:
__________________________
Date: ________________
References
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APPENDIX 4: HABITUAL PHYSICAL ACTIVITY
QUESTIONNAIRE
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Subject Number: _____________
Habitual Physical Activity Questionnaire
1.

What is your main occupation?

__________________________________________________ 2.

At work I sit:

never/seldom/sometimes/often/alwa
ys 3.

At work I stand:

never/seldom/sometimes/often/alwa
ys 4.

At work I walk:

never/seldom/sometimes/often/alwa
ys 5.

At work I lift heavy loads:

never/seldom/sometimes/often/very
often 6.

After work I am tired

Very often/
often/sometimes/seldom/never 7.

At work

I sweat
very often/often/sometimes/seldom/never
8.

In comparison to others of my own age, I think my work is
physically: Much heavier/heavier/as heavy/lighter/much lighter

9.

Do you play
sport? Yes/No
If Yes:
‐Which sport do you play most frequently:
__________________________________ ‐How many hours a week? <1/1‐2/2‐
3/3‐4/>4hrs
‐How many months a year? <1/1‐3/4‐6/7‐9/>9
months If you play a second sport:
‐Which sport is it?
‐How many hours a week? <1/1‐2/2‐3/3‐4/>4 hrs ‐
How many months a year? <1/1‐3/4‐6/7‐9/>9
months

10. In comparison with others my own age I think my physical activity during
leisure time is Much more/ more/the same/less/much less
11. During leisure time I sweat:
very
often/often/sometimes/seldom/never 12.
During leisure time I play sport
never/seldom/sometimes/often/very
often 13. During leisure time I watch
television
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never/seldom/sometimes/often/very
often 14. During leisure time I walk
never/seldom/sometimes/often/very
often 15. During leisure time I cycle
never/seldom/sometimes/often/very often
16. How many minutes do you walk and/or cycle per day to and from work,
school and shopping?
<5/5‐15/15‐30/30‐45/>45
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APPENDIX 5: STANDARDISED INSTRUCTIONS FOR PHASE
ONE AND PHASE THREE ASSESSMENT OF PHYSICAL
CAPACITY
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Session Two: Anthropometric, maximal box and pack lifting capacity

Anthropometric–Shoes off for all measurements)
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Maximal box lifting capacity
‐Subject observes ‘Two Phase Lifting Technique Video’
‐Complete Visual demonstration of lifting technique (show fluid movement, answer
questions)

Phase One

Phase Two

‐ Commence Warm up
5 x unloaded body squats
5 x ‘8kg’ box lifts to 1.5m (correct technique, verbal cues)
‐Read RPE Scale to subject
‐Read ‘Verbal Instructions’ to subject
Verbal Instructions
You will commence the first lift at an 8 kg load and lift the box to a 1.5 metre height
We will adjust the load into XS, S,M, L, XL; you will not know the precise mass
increase of each lift
You will have a minimum of 3 minutes rest between each lift to allow your muscles to
recover before attempting the next lift
Continue with each lift, until we find your one repetition maximum
Using this method, your final one repetition maximum load will be achieved between
three and five lifts
You will be allowed 12‐15 minutes rest between each different assessment

CHECKLIST TO SAY BEFORE EACH LIFT BEFORE MLC / MAWL
‐
‐
‐

One minute until next lift...
Note there has been an Extra Small / Small / Medium / Large / Extra large
addition of weight to the box
Remember we are trying to find the...
o (MLC) maximum weight you can lift
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Maximal pack lifting capacity

‐Subject observes ‘Two Phase Lifting Technique Video’
‐Complete Visual demonstration of lifting technique (with a pack)

Phase One

Phase Two

‐ Commence Warm up
5 x unloaded body squats
5 x ‘8kg’ pack lifts to 1.5m (correct technique, verbal cues)
‐Read RPE Scale to subject
‐Read ‘Verbal Instructions’ to subject
Verbal Instructions
You will commence the first lift at an 8 kg load and lift the box to a 1.5 metre height
We will adjust the load into XS, S,M, L, XL; you will not know the precise mass
increase of each lift
You will have a minimum of 3 minutes rest between each lift to allow your muscles to
recover before attempting the next lift
Continue with each lift, until we find your one repetition maximum
Using this method, your final one repetition maximum load will be achieved between
three and five lifts
You will be allowed 12‐15 minutes rest between each different assessment

CHECKLIST TO SAY BEFORE EACH LIFT BEFORE MLC / MAWL
‐
‐
‐

One minute until next lift...
Note there has been an Extra Small / Small / Medium / Large / Extra large
addition of weight to the box
Remember we are trying to find the...
o (MLC) maximum weight you can lift
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.
Session Three: Grip Strength, Knee Extension, VO2 Peak Treadmill

Cybex CSMI HUMAC Knee Extension
‐Adjust subject individually to the Cybex machine, so the joint centre is in line with the
axis of the machine and the lever is adjusted to the strap is just above the lateral
malleolus
‐Clip in the two straps to reduce any anterior movement (seatbelt) to reduce anterior
torso movement and clip in strap around the upper thigh to reduce any upper limb
movement to ensure pure knee extension and flexion movement.
‐Limits of flexion and extension were adjusted separately for each individual as per
program instructions and stoppers were adjusted accordingly.

Verbal Instructions:
‐‘You are about to perform 3 different protocols. The first one, the computer will move your leg
to 60 degrees and you will be required to perform three maximal contractions for a 3 second
period, each separated by 3 minutes. Push as hard as you can for the 3 second period. The next
assessment, your leg will be moving, so you will be pushing forward and backward at a set
speed of 60degrees/second. You will be required to push and pull as fast and hard as you can for
5 repetitions continually until I tell you to stop.
We will have a practice run and start with a warm up of each protocol first. For the isometric
protocol, where your leg is still at 60 °, you will be required to gradually increase intensity you
push, first starting at an intensity of 50%, then 70% and 90% effort, to gradually warm up
your muscles.
Now for the isokinetic, moving protocol, the first protocol will feel heavy and slow. Gradually
increase your intensity of effort starting with 50, 60, 70, 80 and 90% of maximal effort. The
second isokinetic protocol will feel extremely light. You will complete the same warm up,
gradually increase your intensity of effort starting with 50, 60, 70, 80 and 90% of maximal
effort.
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‐Commence Warm Up:
‐One set of incremental 50, 70 and 90% maximal isometric contractions. –One set of
continual gradual 50, 60, 70, 80 and 90% maximal contraction isokinetic 60 °/sec
‐One set of continual gradual 50, 60, 70, 80 and 90% maximal contraction isokinetic 120
°/sec.
Protocol:
Isometric: 3 second maximal contraction, 3 minutes rest. Repeat 3 times
Isokinetic 60°/sec and 120 °/sec: 5 continual maximal contractions, extension then
flexion. Two minutes rest in between each protocol.

JAYMAR Digital Grip Dynamometer
Verbal Instructions:
‐Keeping your arm in this position, squeeze the handles as hard as you can and hold
for a 3 second period. We will repeat this 3 times on each hand.

Protocol:
‐Whilst sitting in the Cybex machine, place subject’s shoulder in neutral and elbow in
90°. Complete 3 maximal effort contractions, holding each for a 3 second period.
‐Repeat 3 times on each hand. Note dominant hand.
.
VO2 Peak Treadmill Assessment
Verbal Instructions:
‐‘You are about to perform a maximal exercise test. We will encourage you to go for as long as
possible. First, you will start with a warm up of 5km/hour for a 3 minute period. After 3
minutes I will increase the speed until we find your comfortable running pace. I will adjust the
speed slowly until we find a speed that allows you to stride out enough, however we feel you are
able to maintain for the entire test. I would like you to give me a thumbs up as a signal if this
feels comfortable. The speed will not change once we lock in this comfortable speed so it is
important that you provide us with the correct feedback. Every 2 minutes after this I will
increase the incline of the treadmill by 2% until you feel you cannot run anymore. Every
minute we will be taking your RPE measurement. Point at the number that symbolises your
exercise intensity at that stage, reading the numbers and the text that correspond to each other.
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When you feel you have 1 minute left, signal with a hand movement from left to right. We will
be encouraging you for the entire test, helping you achieve your maximum result.’

Protocol:
Warm up: 3 minutes at 5km/hour
Protocol: Establish a comfortable running speed, which will stay constant for entire
protocol. Increase grade by 2% every 2 minutes until volitional exhaustion.

Session Four: Maximal Acceptable Lift and Repetitive Box lift
Maximal Acceptable Lift
‐‐Subject observes ‘Two Phase Lifting Technique Video’
‐Complete Visual demonstration of lifting technique (show fluid movement, answer
questions)

Phase One

Phase Two

‐ Commence Warm up
5 x unloaded squats
5 x ‘8kg’ box lifts to 1.5m (correct technique, verbal cues)
‐Read RPE Scale to subject
‐Read Verbal Instructions to subject (over page)

CHECKLIST TO SAY BEFORE EACH LIFT BEFORE MLC / MAWL
‐

One minute until next lift...
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‐ Note there has been an addition/reduction of weight to the
box ‐
Remember we are trying to find the...
o (MAL) maximum weight you can lift comfortably without strain

Maximal Acceptable Lift:
Verbal Instructions (Read all to subjects)
We want you to imagine that you are getting paid for the amount of work that you do,
but working a normal 8‐hour shift that allows you to go home without feeling tired or
fatigued.

In other words, we want you to work as hard as you can without straining yourself, or
without becoming unusually tired, weakened, overheated or out of breath.

YOU ADJUST YOUR OWN WORK LOAD. Your job is to adjust the load; that is, to
adjust the weight of the box that you are handling. Adjusting your own work load is
not an easy task. Only you know how you feel.

You will adjust the weight of the box by putting in or taking out scoopful of pebbles.
Do not hurry your lift, test the weight as many times as you feel necessary.

IF YOU FEEL YOU ARE WORKING TOO HARD, reduce the load.

WE DONT WANT YOU SLACKING OFF EITHER. If you feel you can work harder,
add more weight.

DON’T BE AFFRAID TO MAKE ADJUSTMENTS. You have to make enough
adjustments so that you are feeling good for what is too heavy and what is too light.
You can never make too many adjustments – but you can make too few.

REMEMBER... THIS IS NOT A CONTEST.
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WHAT WE WANT IS YOUR JUDGMENT ON HOW HARD YOU CAN WORK
WITHOUT BECOMING UNUSUALLY TIRED.

You will commence two box lifts; one heavy and one light box to a 1.5 metre height
You will have between 1‐3 minutes rest between each lift to allow your muscles to
recover before attempting the next lift
What we are trying to find is the maximum amount you can comfortably lift once per
day without any strain.

You will commence two box lifts; one heavy and one light box to a 1.5 metre height
You will have between 1‐3 minutes rest between each lift to allow your muscles to
recover before attempting the next lift
What we are trying to find is the maximum amount you can comfortably lift once per
day without any strain.
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OMNI RPE INSTRUCTIONS:
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Verbal Instructions (Read to subject)
RPE Measurement:
Suggest using the ‘OMNI Rating of Perceived Exertion’ scale. This scale uses a combination of words, pictures and numbers to describe feeling and has
been shown to possess stronger relationships with measures of workload, such as lifting weight. Please take note of the instructions that should be read
when showing the scale.
Definition: The perception of physical exertion is defined as the subjective intensity of effort, strain, discomfort, and/or fatigue that you feel during
exercise.

Instructions: We would like you to use these pictures to describe how your body feels during manual handling exercise (show subject the OMNI‐RES).
You are going to perform a lifting task using your upper and lower body. Please look at the person at the bottom of the scale who is performing a
repetition using a light weight. If you feel like this person when you are lifting the weight the exertion will be EXTREMELY EASY. In this case, you
would respond with the number zero. Now look at the person at the top of the scale who is barely able to perform a repetition using a very heavy
weight. If you feel like this person when you are lifting the weight the exertion will be EXTREMELY HARD. In this case, you would respond with the
number 10. If you feel somewhere in between Extremely Easy (0) and Extremely Hard (10), then give a number between 0 and 10.

Anchoring of the scale: Use your memory of the least and greatest effort that you have experienced while performing a lift of this nature. The easiest
would be EXTREMELY EASY or 0, while the hardest would be EXTREMELY HARD or 10. Use these memories to aid in your selection.
(Note: this will help to establish a visual‐cognitive link – ensure the OMNI‐RES scale is in full view while giving these explanations).

Procedure: We will ask you to give a number that describes how your active muscles feel and then a number that describes how your whole body feels (only
use with multiple repetitions). Remember, there are no right or wrong numbers. Your number can change as you lift the weight (repetitive only). Use both the
pictures and the words to help select the numbers. Use any of the numbers to describe how you feel when lifting
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Repetitive Box Lift Place and Lower
Maximal box lift: ___________kg

75%: ___________kg

Instructions:
‐Subject watches ‘Lifting Technique Video’
‐Complete Visual demonstration of lifting technique and gym boss (show fluent
movement with cadence, 1 lift every 10 seconds)
‐Read RPE Scale instructions to subject
‐Attach heart rate monitor

‐ ‘A certain percentage of your maximum box lift has been placed into this box. You are required
to repeatedly lift the box to the 1.5m height; in time with the cadence (one lift every 10 seconds)
until you can no longer lift the box to the shelf height anymore, slide the box off twice in a row
or miss the cadence twice in a row’.

CHECKLIST TO SAY EACH MINUTE (after 6 lifts)
‐ How hard do you feel you are
working? ‐ Heart rate?
Session Five: 6RM Squat, 1RM Bench Instructions Illinois Agility, Vertical Jump
6RM Squat
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Warm Up:
‐10 unloaded squats
‐10 controlled squats with 20kg bar in squat rack

Instructions:
‐ ‘You are about to perform a 6RM protocol. This is the maximum amount you can squat for 6
repetitions with correct technique. You will perform 6 repetitions at the given weight; I will ask
you to provide me a measurement of you rating of perceived exertion (RPE) and how many
more repetitions you could have performed, less than 10 or greater than 10. Weight will
gradually be increased until I establish the maximum amount you can squat for 6 repetitions
with correct technique. This will usually be between 3 and 6 squats. In between each squat you
will have a 3 minute recovery time period. You will have spotters each side of the squat rack and
upon each exertion you are required to breathe out.’

1RM Bench Press

Warm Up:
‐10 unloaded Smith Machine bench press, full range of motion

Instructions:
‐ ‘You are about to perform a 1RM protocol. This is the maximum amount you can bench for 1
repetition with correct technique. You will initially perform 3 repetitions at the given weight, I
will ask you to provide me a measurement of you rating of perceived exertion (RPE) and how
many more repetitions you could have performed, less than 5 or greater than 5. Weight will
gradually be increased until I establish the maximum amount you can bench press for only 1
repetition with correct technique. This will usually be between 3 and 6 repetitions. In between
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each repetition you will have a 3 minute recovery time period. The bar must come as close to the
middle of your chest without touching, to be included as a successful lift. You must keep your
back on the bench and feet either side of the bench on the floor. When pushing the bar upwards,
breathe out.’

Vertical Jump; VERTEC
Instructions:
‐ ‘You are about to perform an explosive lower limb vertical jump assessment. First we will take
standing height, place your left arm up above your head, keeping your shoulder down and touch
the bands on the vertec. You will then be required to jump as high as possible, tapping the
highest band you can reach with your left hand. You will have 3 attempts.’

Illinois Agility
Warm up:
‐Subjects perform 3 repetitions, 50, 75 and 90% maximal effort to familiarise themselves
with the course and as a gradual warm up.
Instructions:
‐ ‘Complete the agility course in the fastest time possible.’
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Session Six: Basic Fitness Assessment (BFA); 2.4 km run, Push Ups, Sit Ups
2.4 km run

Warm Up:
‐400m jog at 50% maximal effort
‐Military warm up:
50% run 20m x 2
High Knees 20m x 2
Bounding 20m x 2
Accelerate 10m decelerate 20 m x2
Jog 10m accelerate 20 m x2
70% x 1, 80% x 1, 90% x 1 sprint

Instructions:
‘Complete the 2.4km track (5.5 laps) in the fastest time possible.’

Push Ups
Instructions:
‐ Subject

lies flat on the front of the body with legs straight and feet no more

than 30 cm apart.
‐Males perform push ups on toes, females on knees
‐ Hands are positioned comfortably apart, under the shoulders
‐ After the command ‘Ready’ is given, the arms are fully extended so that the
body is off the ground and the body is held in a generally straight line from the
shoulders to the ankles.
‐After the command ‘Begin’ is given, the body is lowered, where the upper
arms are parallel to the ground, but may not rest on the ground. This is the
‘down’ position.
‐Keeping the body in a straight line, the arms are then extended so that the
body returns to the ‘up’ position, demonstrating one repetition.
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‐Subjects are to perform as many repetitions as possible, unless reach
termination criteria or reach maximum time permitted of two minutes.
‐Subjects may rest after any repetition, however only in the ‘up’ position. Arms
are to be fully extended. Hands and feet are to remain in contact with the
ground. The body may be arched up in the middle. Knees may be bent without
touching the ground or repositioning the hands or feet.

‐End Points

‐ the member rests their body on the ground, sags in the middle or raises
their hands or feet from the ground
‐maximum of two minutes elapses
‐the body is not lowered to the ‘down’ position;

Sit Ups
Instructions:
The subject lies flat on their back with feet resting flat on the ground, with their

legs at 90 degrees
‐The arms are held straight with the palms resting on the top of the thighs.
‐ As the upper body is raised to the ‘up’ position the hands slide up over the

knees until the wrists touch the knees. The body is then lowered until the
shoulder blades touch the floor, thereby returning to the start position.
‐Repetitions are performed to a cadence of 1:3 seconds. Each repetition is
conducted in a controlled and even fashion. Resting in the down position is
permitted provided the member maintains the required cadence.

‐End Points:
‐ The hands are lifted from the thighs/knees, or jerked forward as a means

of increasing leverage or used to pull the body up
‐The member’s heels or buttocks are lifted from the ground
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‐The member fails to complete a repetition.
‐Subject is unable to maintain the required cadence
‐The member has completed the required repetitions up to a maximum
of 100 repetitions
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APPENDIX 6: BASELINE MATRIX CORRELATIONS
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1
1. Height
(cm)

2

3

4

5

6

7

8

9

10

11

12

13

0.52

0.59

0.40

0.01

0.37

0.40

0.40

0.61

0.27

0.23

0.10

0.18

0.21

0.00

0.86

0.81

0.05

0.70

0.83

0.39

0.83

0.49

0.32

0.33

0.14

0.02

0.02

0.77

0.03

0.77

0.84

0.42

0.84

0.57

0.35

0.37

0.16

0.03

0.03

0.05

0.66

0.79

0.42

0.66

0.31

0.22

0.26

0.07

0.01

0.01

0.04

0.03

0.01

0.00

0.00

0.00

0.00

0.02

0.06

0.03

0.91

0.37

0.74

0.52

0.32

0.37

0.07

0.00

0.06

0.39

0.80

0.55

0.40

0.42

0.10

0.00

0.08

0.40

0.22

0.06

0.10

-0.30

-0.04

0.03

0.65

0.38

0.42

0.20

0.02

0.04

0.51

0.67

0.17

0.00

0.05

0.30

0.14

0.01

0.04

0.11

0.10

0.05

0.00

0.02

2. Maximal box lift
(kg)

0.52

3. Maximal pack lift
(kg)

0.59

0.86

4. Maximal
acceptable lift (kg)

0.40

0.81

0.77

5. Repetitive Box
Lift (sec)

0.01

0.05

0.03

0.05

6. 6RM squat (kg)

0.37

0.70

0.77

0.66

0.04

7. 1RM bench press
(kg)

0.40

0.83

0.84

0.79

0.03

0.91

8. Isometric knee
extension (RFD)

0.40

0.39

0.42

0.42

0.01

0.37

0.39

9. VO2peak (L/min)

0.61

0.83

0.84

0.66

0.00

0.74

0.80

0.40

10. VO2peak
(ml/kg/min)

0.27

0.49

0.57

0.31

0.00

0.52

0.55

0.22

0.65

11. Vertical jump
(cm)

0.23

0.32

0.35

0.22

0.00

0.32

0.40

0.06

0.38

0.51

12. Illinois agility
(secs)

0.10

0.33

0.37

0.26

0.00

0.37

0.42

0.10

0.42

0.67

0.30

13. 2.4km (secs)

0.18

0.14

0.16

0.07

0.02

0.07

0.10

0.09

0.20

0.17

0.14

0.11

14. Push ups
(repetitions)

0.21

0.02

0.03

0.01

0.06

0.00

0.00

0.00

0.02

0.00

0.01

0.10

0.00

15. Situps
(repetitions)

0.00

0.02

0.03

0.01

0.03

0.06

0.08

0.03

0.04

0.05

0.04

0.05

0.02

Note: Data is expressed as R2 value; Figures in bold represent significance p<0.05

14

15

0.03
0.03

